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TH£ hAJ)Y FRANCES DOUGLAS. 



If tde knowledge ofiiie economy of vegetation 
shall prove to be at all advanced or fadilitated By the 
arrangements or itivestigations instituted in the fol- 
lowing Work^ it is owing to the influence of your 
Ladyship^s couilsel t>y which my attention was 
originafly directed to the study of ptants. ()n this 
account I have Beign solicitous to dedicate the Work 
to your Ladyship, as well as on Account of the op- 
portunity it aflfords me of expressing myself in 
acknowledgment of the kind patronage you have 
hitherto been pleased to^ eatiei^ to me, and in com- 
mendation of the laudable partiality you have always 
shown to botanical pursuits* Tbis I regard as ap- 
pearing not merely in your own individual studies^ 
lM0in'3^uf directing the early studies of a young and 
dear family, whose education you have so ably and 
aflectionately superintended, and whose incipient * 
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DSDICATION# 

progress in the pleasing paths of Systematic Botany, 
it was my original wish to facilitate. But although 
that wish has been disappointed by the intrusion of 
a multiplicity of obstacles, and ultimate abandon- 
ment of my original plan, still it is within the 
scope of the plan now adopted to fiu^ilitate the 
study of Systematic Botany, at least in as much as 
it is preparatory to that of Physiological Botany, 
and thus legitimately to connect and elucidate the 
two grand departments of the study of Plants. It 
will readily be admitted that my undertaking has 
been laudable ; and if I have succeeded in the ex- 
ecution of it so as to merit the approbation of your 
Ladyship^ I shall be encouraged to hope that the 
result of my labours is not altogether unworthy of 
the notice of the public. 

I have the honour to be, 

» 

Madam, 

Your Ladyship's most obedient and 
most obliged Servant 

P.KEITH. 
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piife 78, line IS, for Riamnu read Rhamiiai. - 
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— » 137, — 18, for Marabium read Marrabiim. 
— »« 149, — 83, for Leootami read Lonlmitu. 

ISO, — 8, /orStaphyUcAfMdStaphylca, 

-*-— 150, — 88, /Dr Ooobrycbui re«I Onobrychif. 

109, — 15, for Vinca raod Yinca. 

860, — 7, for Bideu read Bideiu. 



THE BINDER 

JVM place Plale L as Frontispiece to Vol. I. and Plate IX. 
as Frontispiece to Vol. IL All the other Plates^ viz. IL 
to Vni. inQlusive are to come at the end of Vol. I. 
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INTRODUCTION. 

j^UE great profusion of vegetables which cover 
tile surfiice of the earth and adora it with their 
bloom or vecidure, as well as the great and indispen- 
sable utility of vegetaUe productions to the support 
of animal life^ must necessarily have attaicted the 
notice and excited tlie inquiries of mankind even 
ia the earliest ages. Hence the study of plants 
may he regarded as co-eval with the creation of 
man. But to this study, it is to be believed, that 
men were originally stimulated only from the im- 
pulse of their immediate wants ; regarding— not the 
invention of methods nor discovery of scientific 
truths, but the means of converting the productionii 
of nature to their use and accommodation. Jt is 
long before the mind is allured to the study of the 
works of God merely from the love of speculative 
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knowledge. And in the progress of the study of 
plants, there were many stages preparatory to this 
period of advancement. 

The first and incipient stage was that in which 
the attention of the human mind was directed to 
the discrimination of vegetables, as furnishing by 
spontaneous production the indispensable necessaries 
A. c. of life. This was the period of the origin of man- 
kind, when man was yet obedient to his God, and 
God satisfied with the work of his hands, the 
spontaneous productions of the vegetable kingdom 
having been given unto man for food.* In the 
fabulous history of heathen mythology, it was re- 
presented by the poets as the happy period of the 
golden age, when laws were yet unnecessary, and 
arts and sciences unknown, and men simple in their 
manners, and temperate in their desires, contented 
with the frugal repast that was furnished by the 
hand of naturc^f* 
Its pro* A second stage was that in which men began to 
Soclble direct their attention to vegetables, as capable of 
^•cnp-fiirnishmg, by means of cultivation, an increased 
supply of food, proportioned to the wants of an in^ 
creased population. Then it was that the labours 

• Gen. L 29- 

t CoDtentlque cibisy nullo cogente, creatis 

Atbuteos ftttus, tnontanaque fraga legebant, 
' Cornaquey et in duris hsrentia mora rubetis, 

tx qu» deciderant patola Jovis arbore glandes. 

. Ovid. MetM lihm u 
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of agricultare were first rendered necessary^ and 
seeds first sown by the hand of man^ doomed for the 
future '^ to eat his bread in the sweat of his brow.*** A. C . 

3Q0O 

This was the period in which we find Cain repre-* perhap*. 
sented by the sacred historian as '^ a tiller of thcf 
groutkd/*^ and the state of society in which the in- 
ventors of useful arts were regarded by the heathens 
as celestial beings that had deigned to reside on 
earth*J! 

A third stage was that in which plants began to 
he regarded as furnishing not merely necessaries^ 
but comforts — ^being the period in which we find A. C. 

' S348 

Noah represented as a husbandman, having planted 
a vineyard and drank of the wine;|| and cor-' 
responding, perhaps, to the period of the mvention 
of wine by the Bacchus of the heathens, or to a 
similar state of advancement in the domestic acts. 

'A fourth stage was that in which plants began at 
length to be regarded and studied, or cultivated as 
furnishing not merely comfprts, but luxuries— -the 
period in which we find the Ishmaelites represented 
as trafficking in spicery, and balm, and myrrh^ 
which they carried down from Gilead to Egypt in 
the days of Joseph ^§ 

Hitherto there is no vestige to be found of any 
thing like phytological investigation, though, it can- 

 Gen. Hi. 19. f Ibid. iv. ?* 

i Prima Ceres unco glebam dimoyit aratro^ 

Ovid. Met. lib. y. 341. 
Gen. ix. 20* ( OeD« xxxvii« 25« 

Ji2 . 



A6i be adubted ifikt sdmii tohkidfeiUbte progteis 
hk^ b^h ilr^dy tiikde ih boUmical remark^ fh>tli 
th^ n^bessity df discHdilhatihg by sottiis striking 
aiid pbcbliar febAhitter ^tikch pbnts ah ivere posseaised 

From the of properties convertible to tbi use of man. 

his?* T^^ Mfence of sAcred history, ahd total ^kttl of 

GiSs. *^^ ^^'^^^ authfehtic history, teaVtes U^ wholly itt the 
Ativk with rfegard t6 the prbbabli^ ph>gresli of the 
study of plants from the period last mentioned till 
that of th6 bkdde iVoM Clgypt, as Well as duridg a 
lon'^ juried of years imihediately succeeding ; and 
#)S aVe indebted to the iikk-lier histories of the 
Giieekd fbt the neit rays of information on the sub- 
ject, which though lainl and eVahe^ceht in theit 
chAhLctef, presettt to uk the study of plants, at least 
lind'er k lieW aspect, k^proachihg heaiier to our 
notiohis of bot&nical investig&tidn thkn ai^y thing 

AC. that has hithertb dccOrred. Sttch ate the ir.dica- 
tibAb exhibited in the account t>f the ftihoiis expedi- 
tion br th'e Argohauts and dslebrated story bf Jason 
iahd MRedea, who is rispresetited by the ^ets its beihg 
s6 dbtejply skilled in the magic poWerl^ and properties 
bf herbs kd tb enable Jason, by means of he^ in- 
structions in the use of them, fo peiform the olher- 
^e iinpridkidi^te condition^ of obtaining the 
gotden fleece.* Aut fb pursuit 6{ fictibn it is very 
well known that men have often stumbled upon 
fact; and it is to 1be presumed they had already 

• * Crcfditus accepit cantatas protinus herhas, 

Edidfcltque U8um. Odd. "Mtt* lib. \ni. 98* 
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dope so in the f^^se of ii\p |t^d|jr of plants if we 
may be allotted jto draw any inferencie from the coh- 
terpppr^ry story of the renowned Centaiirs^ ivhos^ 
great cbjef Chirpp is represented as being japipus 
not only for his manly accomplishments anc^ moral ^ 
virtues, but also for )ii9 sl^iU in the medicinal pro- 
perties of plants ; in honour of whom it is s|]ppQ9e4 
that the geni}s Cbiropia w$ts pnginally n^qaed. 

The celebrated iEsculapiuf^ a)^ the P4pil of 
Cbirony Und god apd father of medicin^^ lfccqr<}ing 
to the mytbplqgy of (he Qreeks^ is said to hav^ been 
» deeply skilled ip the medical virtue^ of herbs^ ajs 
to be able by ipc^ps of th^m to restore the dead to 
life.^ From which mir^pwlous talept^ though air 
together fabulous, we m^y however infer the pro- 
gress pf bot:apicaI inquiry, at le^t witb a view to 
the ascertaining of the mecjical virtues of herbs ; in 
the knowledge of which t^e Greeks seem npw to 
have made some considerable ^dyanpempnt, as ap- 
pears from the medical celebrity of ]yf achapn and From the 
Podalirius, the sons of ^sculapius ;^ renowned fqr Homer, 
their skill in the art of baling by means of the 
application of herbs j^ at the period of the Trojan 



* Na^iqite fergut famft Hyppolitum- 



-ad sidera rursus 



iBtheria et superas cceli venisse tub auras» 
Paeoniis revocatum herbis, et amore Diane. ^ 

Virg, JEn. vii. 770t 

f Ar«A<yt? fyp wSuit 

I Ibid. A. 21S. 
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war — ^an art of such superlative importance that the 
acquisition of it was deemed an object worthy of 
the greatest heroes. And hence we find that the 
medical virtues of herbs had formed part of the 
study even of Achilles himself.* 
A. €• At this memorable period we have also farther 

evidence of the progress of botanical knowledge 
beyond any thing hitherto adduced. For it appears 
that plants were now studied or cultivated not 
merely as furnishing the necessaries^ comforts, and 
luxuries of the table, or as useful in medicine and 
the arts, but also under an aspect altogether un- 
precedented ; namely, as being ornamental in gar- 
^dening — if I am not inferring rather too much from 
Homei^s description of the garden of AlcinoUs, 
which at the period of the return of Ulysses, seems 
to have eichibited a specimen not only of the useful 
but also of the ornamental ;^ though no traces of 
ornamental gardening are to be met with in the 
history of earlier times, unless we suppose with 
Pliny, that the hanging gardens of Babylon were 
built by queen' Semiramis. In the Odyssey we 
have also the first account of the celebrated lotus of 
the ancients ; ;[: and of the nepenthes famous for its 
property of dispelling care. || Still we have no direct 
evidence of the institution of any philosophical inquiry 

• Stat. Achill. ii. 444. 

n«»rfMU n^MMrm "kwrnrmw ymimv-i. Odt/ts, H. 12J. 
I Odyss. I. y4. II Ibid. A, 220, , 
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into the siibjedB of the vegetable kingdom^ or pheno- 
ineiia of vegetable life. For although the Ghreeks 
had already exhibited the strongest indicationQ of 
that bold ^nd daring spirit Which exalted them ul^' 
timately to such eminence in the ranks of fiime, and 
instigated diem to the subjugation of the world ; as 
well as of that noble talent for intellectual research 
which they afterwards so signally displayed^ 
they had not yet founds amidst the din and bustle 
of arras^ the leisure necessary to scientific pur- 
suits. 

But thft' sacred writings furnish us at least with a A. C. 

^E . ® 1004. 

species (^iresumptive evidence^ implying that some- 
thing of the kind had been instituted in the days of 
Solomon^ who wrote as it appears a treatise on 
vegetables ; of the character and object of which^ 
whether botanical or ph3rtological9 we can however 
form only conjecture^ as the work^ whatever it 
might h^ye been, is now irrecoverably lost, although 
the short account of it that still remains seems to 
rqiresent it as a sort of natural history of all plants 
then knowa.* 

But perhaps we should regard the dawn of phy to- Pkttoma- 
logical inquiry as originating in the speculations of of*pi^ 
Thales, the most ancient of the Greek philosophers, ^^' 
and the first that travelled from Greece into Egypt 6o4. ' 

^^ Thalfli. 

* And be spake of trees, from the cedar-tree that u in Lebanon* 
even unto the hyssop that springeth out of the wall. 

1 Kingif iv. 33. 
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for the pur|KMe of being initiaMd into die mystorin 
of die knowledge of the Egyptiaiis — For at he 
devoted faimtelf on hk Mtum exdnsivelf to die 
3tudy of nature, it i$ likely that the subjects of die 
vegetable kingdom jformed part of the object of his 
researches. But it is certain they fcrmed part of 
the object of the researches of his inmediate suc- 
cessors ; and of the earlier leaders both of the 
Ionian and Italian sdiools^ with whose discussions we 
ilttd already mingled some of die nicest and most 
subde topics of phytolc^cal investigation. Their 
opittioils are however of no value as teudiiig to the 
advancement of science. Tliey could not have been 
founded on accanate obaervution, and oertainfy not 
on the basis of any thing like philosophical experi- 
ment. But they ne important as exhibiting a new 
and peculiar feati*e in ihe study of plants, and die 
fir9t legitimate evidence of the origin of phytefe^- 
A.C. Cal inquiry. Of the philoeophers of this period 
vrho seem to hwve diiected their attention partially, 
. at leasts to the study of viegetables, I diall specify 
only Pythagoras,* the celebrated sage of Samos, 



* Pythagoras, who is believed to have prohibited l^is disciples 
from the use of beans on account of a supposed identity of origin 
between l)eans and human ilesh, (Hor. Sat. vi« lib. ii.) h 
said also to have written a Treatise on Onions $ (Aroat.'Lusit« 
CofB. in Diosc, lib. ti. 412.) w4iich, if tniep gives him conse* 
quently a claim to Ae snerits of having beea the 'first faotaaScal 
ioonograpbisti 



i 



\ 



iifTEODucnoii» - g 

AxMBBgOTMB* of ClazcHBene^ Empedodes'f- of Agii* 
gentum^ and Democritus:); of Abdera ; who have not 
indeed left behind them any writings on the subject ; 
but whose opinions and doctrines are mcorded by 
sQcceeding philosophers. 

To the above primitive and patriarchal names, disr Hippocn- 
tingnishable Ibr the instttotioKi of a species of phy- a. c. 
tological inveatigatioQ, cdculated to excite iardier ^^' 
inquiry, the next that succeeds in order <^ time, at 
least as extending the limits of botanical researdi, 
is that of Hippocrates, illustrious for the introduc- 
tion of a new and enlightened method in the stud)r' 
ai medicine, founded upon principles deduced from 
experience and theory perfiscted by practice, by 

^Anaxsgoras iiiaiatained that tiie seeds of all vegetables ase 
iedged in the atoibpbeie from whence they desceiuly along with 
the rain and dews, into the earth, where they mingle witli the 
soil, and spring up into plants. (Theopb. Ui^j pvrm 'Irr^^utij lib* iii.) 

t Empedocles appears to have advanced some heterodox >^ 
opinions on the subject of germination, maiiitafntng that the dif- 
teent parts of the plant are not generated at the same time^ bat 
k siiooessioii — first the root» and then the stem and branches, 
according to the season proper to each, (n^^ ^tftm 'WrfM^ 
lib. iiu) He is said also to have attributed sexes to plants, and ^/^ 
' to have maintained, along with Anaxagoras, that plants are en- 
dowed not only with life and sensation, but also with desires and 
passions similar to those of animals. ( Arist. Hiyl ^vrm^ Jab. i«) 

X Democrltus seems to have instituted an inquiry into the 
cause of vegetable tastes and odours, which he attributes to the 
form of the primitive particles of which plants respectively 
consist. (Ofpi ^vtU 'AiriMr, lib. iv.) 
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which the art of phytic was first exalted to the 
dignity of a science^ and legitimately connected 
with the study of plants ; of which upwards of two 
hundred species are mentioned in his works. Un- 
der the auspices of so great and dignified an ex- 
ample, the study of hotany could not iail to be ad- 
vanced, at least as connected with medicine, if not 
even as connected merely with a liberal education. 

Cratejas. Accordingly we find that Cratejas, the contemporary 
of Hippocrates, wrote a book expressly on the sub- 
ject of botany entitled 'Pi^oropixoy, which is now, in- 
deed, entirely lost, if we except not some small 
fragments said to be still preserved in the imperial 
library at Vienna.* And it is certain that the study 
of plants was regarded as an honourable pursuit in 
the time of Xenophon, who represents it in his 
Cyropaedia as constituting one of the branches of 
the education of the Persian youth. 
X Amtotle. But the first of the Greek philosophers that seems 

^'q^' to have instituted an inquiry into the economy of 
vegetation upon principles any thing like scien- 
tific, was Aristotle, the venerable &ther of natural 
history aiid prince of ancient metaphysicians ; who 
wrote two books expressly on the subject of plants^ 
as is presumable from his own promise,^ as well as 
evident from the quotations or references of Averoes 
and Laertius ; but which are now, it appears, irre« 

 Willdcfi. Prin. Bot. 413, Eng. Trans. 
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trievably lost. For the two books upon plants^ Ki6«^ 
which are found in the present editions of his 
works, are generally allowed by the best judges to 
be altogether spurious, and regarded as being a 
forgery of some learned Arab of the middle ages, 
afterwards translated into Greek. 

The loss that was thus sustained is in a great Theo* ^^^^ 
measure compensated by the works of Theophras tus a1 c*!"*' 
the disciple and successor of Aristotle, and prince of ^^* 
ancient botanists ; who imbibing or inheriting from 
his master an ardent desire of prosecuting the study 
of the works of nature, applied himself to the in- 
vestigation of the vegetable kingdom with a zeal 
and industry worthy of the pursuit, and produced 
as the result of his labours the two works on plants 
for which he stands so deservedly celebrated— ^the 
one entitled llf^i ^vrZv'ltrrifiaq, the other n£^i ^uTwHisbou« 
''AiTiwir. In the former work he describes and ar- range* ' 
ranges plants according to such characters and dis- "^"^' 
tinctions as had then engaged the attention of 
botanists ; and in the latter he professes to account 
for the phenomena of vegetation ; though, in truth, 
the topics of examination are introduced without 
any thing of systematic method, or at least without 
any method calculated to throw light on the sub* 
ject. The specific descriptions, which amount to 
about five hundred, if compared ^ith modern de- 
scriptions, are vague and incorrect ; and few of the 
phenomena of vegetation are satisfactorily explained. 
But with all their defects still they are works of in- 
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estimable value^ as containing a great variety of im* 
pcMTtant facts and observations relative to plants^ and 
exhibiting a summary view of the whole mass of 
botanical and phytological knowledge as it stood at 
the time ; and even setting before us an example of 
phytological experiment that was not to h^ve been 
looked for at that early period. 
Decline of But unhappily the example of Theophrastus had 
m^i^. not the effect of alluring to the study of plants his 
9Uccessors in the peripatetic school, nor of diffusing 
the love of phytological inquiry among ^ the other 
schools of Greece. If any thing was written on the 
subject it is now totally lost ; and We can judge of 
the progress of botany only by inference, from which 
it appears not indeed to have been wholly neglected^ 
l>ut rather to have made some advancement, coun- 
tenanced as it then was by the patronage of the 
great ; if the etymology of some names does not 
mislead us. The plants Lysimachia and Eupato- 
rium are said to have obtained their names respeo- 
A. c. tively from Lysimachus a king of Sicily, and the 
btave but unfortunate Mithridates, king of Pontus^ 
who are both repres^ited as having been encouiii- 
gers g£ botanical iovestigatioi). 
And of SliU it is evident that the study of plants began 
with us to decline among the Greeks along with the de- 
Ifonlnto ^^Wne of cmpirc, and to emigrate wiUi the other 
^^'y* arts and sciences into Italy ; * where it appears to 

* Graecia capta ferum victorem cepit, et artes 
Intulit agrcsti Latio. Hor. Eput. u lib. ii. 

5 
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hiave been at feast well received^ though not very 
cordially cherished. The first vestiges of its exis- , 
fence among die Romans ape discoverable in the 
iibproved state of agriculture and taste for garden- 
ing and orhamental plantations described or alluded 
to in the works of the Latin classics, irom which a 
good de^l of information n^ay be obtained, not 
only with regard to the then existing state of the 
knowledge and cultivation of plants in Italy, 
but also in the countries over which the Roman 
arms prevailed ; as may be seen by consulting the 
Cato M^jor of Cicero and the Georgics of Virgil, in 
which the information is direct ; or even the Com* 
tnentaried of Caesar, and Annals or other works of 
Tadtus, in which the information is incidental. 

It does not however amount to a proof that the y 
study of plants was pursued with any great degree 
of avidity among the Romans, as the Romans like 
the early Greeks were yet too much engaged in the 
tumult iA war to have acquired any considerable 
relish for die study of natural histor}% And hence 
the first direct evidence of the existence of any in- 
quiry that can be called strictly botanical among 
the Romans is that which is furnished in tfie works 
of Dioscori des avid Pliny, names well known in the 
annals of botltny, and illustrious in having been 
long regarded by the learned as the best and mort 
infallibly guides to the study of plants. 

But great although their reputation deservedly And pc^- >^ 
was, botany derived from their labours but little ad* y^ 
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Dioseori- vantage} the work of the latter on that subject 
PUnj" being rather detatched histofies of some of the most 
curious and singular plants then known, intermixed 
with a great deal of loose and vague report, than 
f any thing like scientific inquiry ;-'— in which, bow-* 
^ I ever, we have the only remaining traces of the bo- 
tanical knowledge of the Druids, thd ancient priests 
/ and rulers of Gaul and Britain, who were acquaint- 
ed with the medical virtues of a variety of plants, 
but particularly of the missletoe of the oak, which 
they revered as sacred ; — and the work of the former 
being rather a body of materia medicathan of botany^ 
so that the sarcasm of Rousseau in which he has com- 
plimented the author with the title of '^ a great 
compiler of receipts," has perhaps as much of truth 
in- it as of wit. 
lu ^te But their example, which was indeed truly lau* 

^°,^^^dable, seems to have been as much neglected among 
the Romans as that of Theophrastus was among the 
Greeks ; and as the study of botany originated^ so it 
perished with them iii Italy, and lay like all otlier 
departments of science buried in the ignorance Or 
barbarism of the dark ages, except in as far as it 
might be cultivated" by a few Asiatic Greeks or 
Arabians, among whom the names of Galen and 
Avicenna stand pre-eminent, till the period of the 
revival of learning in Europe. 
And re? i- At this memorable epocha, which we may fix at 
the Kfival about the beginning of the fifteenth century, the 
eiien. ^^y^^y ^f pin^its began again to engage the attention: 
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of the learned, and to be pursued with a degree of 
industry unknown before; while the writings of 
Dioscorides and Pliny, which with all their defects or 
redundancies were still regarded as the grandstandard 
of botanical knowledge, began to be studied and 
commented upon with the most indefatigable zeal. 

One of the first frui^ of this revived passion for Introducii 
botanical inquiry was the introduction of the aid of^^^^ 
figures, with a view to elucidate verbal description ^^JJJj^ 
which had not yet attained the degree of accuracy ^^ 
that is necessary to determine the species. The 
merit of this great and important improvement is 
due to Brunfelsius, a native of Maynz in Germany, 
and first German botanist. His work, entitled His- 
toria Plantarum, was published about the beginning 
of the sixteenth century, and the figures, though 
only from wooden cuts, have been regarded by good 
judges as exhibiting, in general, a tolerably good^ 
r^resentation of the intended plants. They served 
at least to excite the emulation of other botanists, 
and were accordingly soon after followed by those 
of Bock, Cordus^uschius, Dodonseus, and Clusius, 
«all natives of Germany; who each added some- 
thing to the number or accuracy of the figures of 
his predecessors in publication. 

But the flame that was thus kindled up in Ger- 
many soon began to extend itself to surrounding 
nations, and to excite in the adjacent countries a si- 
milar ardour for botanical inquiry. In Italy the 
, celebrated Mathiolus was the first to catch its iuci- 

6 
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pient einanationB>-*m France Delachamp and the 
elder of the Bauhins^ embracing in one comprehen- 
sive view the whole of the vegetable kingdom— ^uid 
in our own country Turner and Gerarde, whose 
herbals are monuments, at least, of their great and 
indefatigable industiy and love of botanical research* 
Such were the happy effects resulting to the study 
of botany, from the new impulse communicated to 
the energies of the human mind in the revival of 
letters. 
Of metho- But in the works of all botanists there was still 

dicftl ar* 

nnge- one capital defect, that rendered the study of plants 
^^^ ' extremely perplexed and uninviting. Their figures 
and descriptions were wholly without method ; so 
that the mind was yet occupied merely about indi- 
viduals without having attended sufficiently to those 
features of vegetable character by which its ideas 
might have been generalized, and its labours 
abridged. The inconvenience resulting from this 
defect began now, however, to be severely felt, and 
the necessity of method to be plainly perceived. It 
was an object worthy of the labours of tiie learned 
to ascertain and establish the principles of scientific 
arrangement, and accordingly the first hints on the 
ByGesner. subject were suggested by Conrad Gesner, a native 
. of Zurich in Switzerland, and thy greatest naturalist 
that had appeared since the timeiof Aristotle ; who 
borrowing the idea^ perhaiw from Aristotle's zoologi- 
cal arrangements, suggested the method of arrang- 
ing plants into classes, orders, and genera, accord- 
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ing as they agreed or diflfered in the figure and struo 
ture of their several parts, regarding the parts of the 
flower as being the best fitted for the purpose. This 
notable improvement was suggested by Gesner about 
the middle of die sixteenth century, forming, as we 
eannoi but regard it, a new era in the history of 
botany. 

But while Gesner was employed in Germany in 
Aiaturing his plans of method, the same necessity 
of methodical arrangement was also felt and pointed 
out by an eminent botanist of Italy, though without 
any oommunication^ as it seems, with Gesner.* This 
was^ the celebrated Csesalpinud, a native of Arezzo By c«m]. 
in Florence, and physician to Pope Clement the^'°"*' 
eighth ; who, with a mind formed for accurate in- 
vesdgation, and much practised in the metaphysics 
of the, times, and imbued with the principles of 
soulid philosophy, applied himself to the study of 
botanical arrangement, not only with the best quali<^ 
fications but with the happiest ' issue. For what 
Gesner contemplated only in theory, Caesalpinus re- 
duced to practice, presenting to the world the first 
specimen of a methodical arrangement of plants ; 
and reflecting^ at the same time, a greater degree of 
light upon the structure and aflSnity of vegetables 
than any preceding botanist. His method^ which is 
exceedingly simple, is founded chiefly upon the fruit. 

The above are not the only proofs of the ardour 
with which botanical investigations were prosecuted 

* Smith's lutroduction, p. 351. 
VOL. I. C 
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Institu- at this period. The rapid progress of the study dis- 
ujiic^i plays itself also in the travels and voyages that were 
undertaken for the purpose of new discovery ; of 
whioh I shall specify only the examples of Camera* 
rius of Nuernberg, Jungermannius bis nephew. 
Prosper Alpinus, Rauwolfius, and the two Acostas, 
who travelled respectively over Italy, Greece, Egypt, 
the shores of the Levant, and lastly undertook 
voyages even to India in quest of plants. And hence 
also the origin of herbariums of dried plants for 
the purpose of preserving the specimens collected ; 
introduc- which with the additional improvement of copper* 
plate figures that were now for the first time intro- 



And of 
herbart« 

UBli. 



copper- 
plate 
figures. 



And bo- 
tanic 
gardens. 



duced into botany by Columna of Naples, gave a 
facility and precision to botanical inquiry unattain- 
able before. 

But the progress of botanical knowledge thus 
promoted by the labours and investigations of the 
learned, owed also much of its advancement to the 
patronage of the rich and the great. This is particu* 
larly evidenced in the institution of botanic gardens, 
whether public or private, which history now intro- 
duces for the first time, and which the Italians, eager 
in the pursuit of new plants, were the first to es* 
tablish. Of the former sort the most ancient is 
thought to be that of Padua, instituted in J 538, and 
soon after followed by those of Florence, Pisa, Bo- 
logna, and Leyden ; and of the latter sort, perhaps, 
the most ancient was that of William Landgrave of 
Hesse, arranged as it is said by Camerarius, and 
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followed by that of Gerard at London^ established 
at the latest in 15Q6. 

From this memorable period of improvement^ in Tempora- 
which the Hurculean labours of the Bauhins, as Jf botony. 
well as the arrangements of Caesalpinus had not only 
advanced the study of vegetables to an unprecedent* 
M height, but seemed also to have ensured its con-^ 
timied and unremitted progress ; botany, as repre- 
sented by botanical historians, appears notwithstand- 
ing to have languished for a period of nearly half a 
century ; which might perhaps have been owing to 
iike impossibility of outdoing the Bauhins in their 
own line of investigation, and upon their own prin- 
ciples. But if the progress of the study of vege- 
tables, was thus suspended in as much as relates to 
the collecting, describing, and figuring of plants, 
there is, at least, one view of the subject in which it 
was most essentially advanced ; and that is in the 
revival, if I may not absolutely say original intro- Revival of 
doction, of phytological investigation, which had P|^/)^°^^' 
been but just attempted by Theophrastus, and con- ••"^^ 
signed to the most culpable neglect by succeeding 
botanists for a period of nearly two thousand years. 

The revival of this study was probably owning to 
the new impulse and new direction communicated 
to the spirit of philosophical inquiry by that great 
and illustrious luminary of science Francis Bacon, 
Lord Verulam, who having explored and developed 
the true foundations of human knowledge with a 
sagacity and penetration unparalled in the history 
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of mankind, and having dared to diaengi^ himself 
from the fetters of academical authority^ denounced, 
as vain and idle, the visionary speculations of the 
schools, and boldly pointed out the necessity of a 
complete and thorough revolution in all pre- 
established methods of study ; recommending the 
more tedious, but yet more successful method of 
anal}rtical and inductive investigation,* and pio^ 
claiming truth to be but the image of nature«*|* 

But to whatever cause it is to be attributed^ theiaot 
is, that two diflferent sets of phytological esperip 
ments modelled upon the principles and meAod 
pointed out by Bacon, and with a view to duddate 
the phenomena of vegetation, were instituted about 
nearly the same time by two cdebrated anatomists 
and accurate observers of nature, residing in dif- 
ferent countries and having no communication with 
one another. These naturalists were Grew and 
Malpighi, the latter an Italian, the former an English 
physician. For as Gesner and Csesalpinus had been 
led as it were instinctively to the study of methodic- 
cal arrangement without any mutual intercourse, so 
were Grew and Malpighi to the pursuit of phytolo- 
gical inquiry— -a circumstance likely to happen at a 
time when the spirit of true philosophy had b^un 
to diffuse itself among men of speculative habits, 

* Inductio legitima et vera, ipsa Claris est naturae iDterpreta* 
tioiiis. Nov, Org, lib, ii. Aph, x. 

t Scientia nihil aliud est quam veritatis imago^ nam Veritas es* 
sendi et Veritas cognoscendi idem sunt. De Aug* Set, lib* u 
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of whofli aMDy> no doubt, would be led to view 
^ flame subject in the same light. 

The result oi the investigations of these illustri- And mode 
ous pbytologists was first communicated to the pub- gation 
lie towards the end of tb^ seventeenth century ; *^^* 
and it must be confessed that the success of their 
labours made amends, in a great measure, for the 
long n^lect of preceding naturalists. For though 
they had no tract to direct th^m in this obscure and 
intricate investigation, yet by joining patience to 
penetratioD, and experience to philosophy^ and by 
adopting the only sure means of detecting the 
secrets of nature— the experimental mode of in- 
quiry—exploring most scrupulously the internal and 
recondite structure of the plant, and watching with 
unwearied application the functions of the different 
organs, they succeeded in removing much of that 
veil which had enveloped the phenomena of vegeta- 
tion ; and in opening up to the observation of man 
a new view of the works of God. 

But the principles of the philosophy of Bacon, CoDcomi- 
which were thus so succesfuUy applied to phytology, J^n^o^t 
were extended also to botany— particularly on the ^^ ^^^^J- 
subject of arrangement and ground of generic dis- 
tinction — ^the necessity of which was now more than 
ever indispensible for the purpose of reducing to order 
the immense mass of particular specimens collected 
and described by the increasing multitude of adven- 
turers in the field of botanical discovery. Accord- 
ingly* in pursuit of this important object, the talents 
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and industry of the learned were now alio marc 
than ever exerted, and a variety of systems intid* 
duced, adopted^ and abandoned in their turns. 
In the in- Of these the principal were the methods of M or- 
of un^°° rison, Ray, Tournefort, Rivinus, Boerhaave, Her- 
^|]^^^ man, and Magnol, which appeared about the end 
of the seventeenth or beginning of the eighteenth 
century, and which, whatever might have been their 
defects, had at least the merit of exhibiting botany 
under a new and systematic form. But the most cele- 
brated as well as the most beautiful of them all was 
that of Tournefort, which was adopted in Frftnce 
with a kind of epidemic enthusiasm characteristie 
of the nation, and admired by botanists of all 
And prin- countries. It had indeed much merit, at least as 
mi^c exhibiting the first model of generic discrimi^ 
naUoa!^" nation, founded on principles truly philosophii- 
caL But it had also its defects; for thoiigh ex* 
tremely beautiful in speculation, it was yet closed 
with Insurmountable difficulties in the practice. 

No method of arrangement, therefore, had yet 
been discovered sufficiently suited to the exigency ' 
of the case ; and a method founded on principles " 
more easily reduced to practice was still the grand 
desideratum c^ botany. 
Whichare In this peculiar crisis of botanical perplexity, 
J^'lih. when specimens were every day multiplying in the 
^*"*' hands of collectors, and herbariums devoid of ar- 
rangement, and the science in danger of relapsing 
again into an absolute chaos ; a great and elevated 
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^nius arose destined to restore order^ — who^ survey- 
ing the immense mass of materials with a sagacity 
and penetration unparalleled in botanical research, 
and seizing, as if by intuition, the grand traits of 
character calculated to form the ground-work of a ' 
philosophical division, detected the clue by which he 
was to extricate himself from the intricacies of the 
labyrinth, and rear the superstructure of a legi- 
timate method ; so that the touch of his skilful hand 
was no sooner applied to the work^ than the trees, as 
if moved by the music of Orpheus, arranged them* 
selves around him. This great and illustrious nar 
turalist wu the celebrated Linmeus, founder of the 
sexual- systHii, and prince of all botanists, who de- 
ducing his rules of method from the most incontro- 
vertible of all principles, and establishing the laws 
of generic and specific distinction, and even rules 
of legitimate definition,* « introduced into thef study 
of botany a simplicity of system, a perspicuity of 
arrangement, and a precision of language, which 
have elevated it to the high rank it now holds in the 
scale of human knowledge, as well as allured to the 
study of the science men of the most distinguised abi*. 
lities, and excited that ardour for botanical investi- 
gation which characterizes die present age. Of the 
immediate disciples of Linnaeus, the most disr 
tinguised were Kalm, Hasselquist, Loefiing, and 
Kcenig, all of whom travelled in pursuit of nev 

* Vide. Jin. Phil- Bot. 
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plants under the auspices of their great master. And 
of his succeeding followers or more remote discipleay 
the most distinguished are Gmelin, Oeder, Hedwig, 
Gaertner, Lamark, — ^and as the last I shall now 
specify, though not the least in merit of the six. Sir 
James Edward Smith, the founder and president of 
the Linnsan Society of London, and proprietor of 
the whole of the Linnaean Herbarium ; from whose 
unremitted and meritorious labours, botany has de^ 
rived the most important advantages. 
^ Whoez- But the labours of Linnsus were not confined 
researches merely to the improvement of systematic botany^ 
h^/^ whetfier according to natural or artificial principles, 
and to tlie fixing of the laws of generie and specific 
discrimination and definition ; but the very founda- 
tion of his artificial system, and grand anchor of its 
stability, involves one of the most important ques* 
tions in the whole extent of phjrsiological botany-— 
namely, that of the sexes of plants. This doctrine 
which had been recognized by the ancients^ at least 
as applicable to some plants, extended by Csesalpi- 
nus to all diaecious plants, and suspected by Grew 
to be true with regard to all plants whatever, had 
not yet been piit to the test of due experiment. 
Some experiments had indeed been instituted with 
a view to ascertain the fact; first, by Cunerarius, 
professor at Tubingen, and afterwards by Vaillant, 
which tended to throw considerable light upon the 
subject. But the doctrine was still involved in 
doubt, and the decision of the question was reserved 

3 
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for the great Linneeus, who following the lights of 
the reformed philow^y, and putting into practice 
the principles of en improved logic, asexamplifiedin 
a full and legitimate induction of particulars, solved, 
at last, the important problem, and proved beyoild 
all controversy the universality' of the sexes of plants; 
confeiinding the opposers of the doctrine by the 
irresistible force of his arguments, and founding and 
supporting bis conclusions on a cloud of the most 
indisputable facts.* 

Thus in the investigation of the vegetable king* which he 
dom, a close and intimate union was at last effected ^"h^ 
between the systematic and physiological depalt-^oy- 
ments, of which the propriety and advantage are 
equally evident ; the study of the former being the 
best avenue to the study of the latter, and the 
thorough knowledge of the vegetable involving the 
study of both. 

But great as the progress of modern systematic And 
botany has undoubtedly been, the progress of mo- eminemly 
dern physiological botany is, perhaps, still greater. ^""[^^ 
For to give an idea of the mass of talent that has >rdour of 

, . modern 

been directed to the elucidation of this difficult de- inquiiy. 
pattment of the study of vegetables since the period 
of the investigations of Grew and Malpighi, it will 
be sufficent to mention, in addition to the name of 
Linnaeus, that of Hales, Bonnet, Du Hamel, Hed- 
mig, Spallanzani, each of whom has peculiarly dis- 

* Spons. Plantarum Amcen. Acad. vol. i. 
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tinguished himself in the field of phytological id-- 
vestigation, and eminently contributed to the ad* 
▼ancement of the science. But especially the name 
of the persecuted^ though perhaps prejudiced. 
Priestly^ deserves to be particularized, as being the 
first who introduced into the study of phytology 
Aodapfili-the aid of pneumatic chemistry, which, under the 
pneu- ° happy auspices of Ingenhouz, Senebier, Saussure, and 
mbt^?^^ others, has done more to elucidate the phenomena 
of vegetation, than all other means of investigation 
put together ; so that our knowledge of the physio- 
logy of vegetables may now be regarded as resting 
upon the foundation of a body of the most incon- 
trovertible facts, and assuming a degree of impor* 
tance inferior only to that .of the physiology of 
animals. 
Leaving But although the labours of phytolc^sts have 
desidera- heen directed with success to the explication of a 
dauiicd* variety of the most important phenomena of vege- 
▼iew of tation, and although we have been already favoured 
tare of ve- with a Condensed and systematic view of the result 
^' of their investigations by writers of the highest 
celebrity, yet there seems to be still wanting some 
work that shall exhibit them more in the detail, and 
serve the purpose not merely of a brief and rapid 
sketch to assist the recollection of the adept, but of 
a clear and copious introduction to fiK^ilitate the 
studies of the novice, by presenting to him — first, 
such an elementary view of the vegetable kingdom 
in general as shall be directly preparatory to phy* 
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stolc^cal research ; and secondly, such a view of 
the process of vegetation as shall render the rati- 
imgle o£ the preceding phenomena preparatory to 
tfaat'of the folk>wing, and shall not necessarily sup- 
pose any previoas knowledge of tlie subject. 

T Jhis will involve^ in the firs t placga an inquiry.-^— 
into the structure of vegetables as being organized (^ 
substances ; which naturally divides itself into two/ 
distinct departments— the external structure of the tjcternal 

'^ plants and the internal structure or anatomy of thetgj/"^^'^' 
plant ; the former including such parts and peculia- / 
rities as are discoverable by means of outward in- 
spection, and the latter, such parts or organs as are(^ 
discoverable only by dissection. S econd ly^ it will j 
involve the chemical analysis of vegetables and with an 

. vegetable productions, as being the best means of j^'JI^'^ie 
ascertaining the character of the nourishment on^^°~ 
which the plant naturally feeds. Thirdly, it will in- 
volve an account. of the functions of the several organs f 
of vegetables and phenomena of vegetable life^ as j^nd phtv 
being the grand and leading object of all phytological t^^tawJ'^ 
investigation, to which the foregoing inquiriesare only ^f^' 
preparatory steps. Andjastly^ it will involve the S 
phenomena consequent even upon vegetable death, And 
as comprehending the process by which the v^-( ^^ 
table substance is ultimately reduced to the primary 
and unorganized principles of which it was origi- \ 
nally composed, and rendered capable of mingling / 
again with the soil or atmosphere, or of entering ^. 
ioto the composition of new vegetable bodies. ^ 
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Such is a brief and rapid sketch of the origin^ 
pn^ess^ and present state of the study of plants ; 
together with a condensed view of the object and 
principal departments of the present work, which it 
now remains to exhibit in the detail. 



BOOK I. 



OF THE EXTERNAL STRUCTURE 
OF VEGETABLES, 



^sm 



m 



In surveying the subjects of the vegetable king- 
dom as planted by the hand of nature^ the spectator 
readily recognizes certain traits of resemblance or of 
dissimilitude that occur in the form^ structure^ or 
habit of the seveT||^< individuals of which the whole 
is composed, indicating the propriety and means of 
distributing or arranging them into distinct groups 
or classes ; and suggesting the notion of vegetable 
tribes or families. Perhaps the most ancient divi- 
sion of vegetables that ever was instituted is that by 
which they are distributed into trees^ shrubs, un- 
dershrubs, and herbs— ^ division obviously founded 
in nature, but not sufficiently general for the pur- 
poses of the present work. 

But vegetables may be regarded as a natural as- 
semblage of individuals reducible to classes accord- 
ing as they are distinguished by a structure or or- 
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ion more complicated or more simple; or, 
according a^ they lie found to be formed with, or 
without, certain parts or organs entering into the 
general idea of the plant. The former wi)^ eoosti- 
tute what may be denominated Perfect Plants, and 
will form a class comprehending the principal mass 
of the vegetable kingdom. The latter will consti- 
tute what may be denominated Imperfect Plants^ 
and will form a class comprehending all such ve- 
getables as are not included in the foregoing class. 
The two classes, therefore, evidently exhaust the 
subject; and the division, whatever might be its 
value or want of value, as the ground of a systema- 
tic arrangement, will be here adopted. 
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PART I- 



PERFECT PLANTS. 



If a plant of the ^rfect class is detached from the 
soil, and surveyed externally in the season of flower- 
ing, it may be perceived, even by the most inatten- 
tive observer, to be composed of the following 
distinct parts ; the root, the trunk, the branch, the 
leaf or frond, the flower, the fruit, and perhaps the 
seed, which, together, with their several peculiari- 
ties and accompaniments or appendages, are now to 
be considered. And perhaps no farther classification 
is absolutely necessary beyond that of taking the^ 
several organs in the order in which they have been 
just named. But as botanists do occasionally distri* OUtribu- 
bute them into several distinct divisions, according Sdr m>- 
to the function, duration, or other leading feature of ^^'•^ ®'" 
each, it will be proper to take notice of the divisions 
into which they are thus distributed. 

A division instituted by Linnaeus distributes them into itx>t, 
into the root, herb, and fructification, the herb com- fruWifia- 
prehending the trunk, branches, and leaves ; and the ^^^' 
fructification, the flower and fruit. * This is perhaps 
correct enough considered merely as a division ; but 

* PhiL Bot. sect. 79. 
5 
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is objectionable with regard to the use of one of the 
terms employed. For as the term herb was pre- 
viously appropriated to the designation of a peculiar 
class or division of plants^ it ought not to have been 
employed to signify also a part of the plant itself. 
Into per- Another division is that by which the parts in 
and tern- question are distributed into permanent and tempo- 
^^ ®^' rary or deciduous ; the permanent parts being the 
root^ stem, and branches, which continue to exist as 
long as the plant vegetates; and the temporary 
parts being the leaves, flower, and fruit, which fall 
off and are renewed annually, at least in plants that 
are themselves perennial. 
Into con- . A third division is that by which the parts of the 
and repio- plant are distributed into conservative and repro- 
ductiveor- jy^^j^g^ as corresponding to their respective func- 
tions in the economy of vegetation ; which principle 
%f division shall be here adopted, and the parts dis- 
tributed as follows : conservative organs, conserva- 
tive appendages, reproductive organs, reproductive 
appendages. 



pnt 



CHAPTER I. 



CONSERVATIVE ORGANS. 



The conservative organs are such ^s are absolutely 
necessary to the growth and preservation of the plant, 
including the root, trunk, branch, leaf, and frond ; 
of which in their order. 
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SECTION I. 



The Root. 



The root is that part of the plant by which it Its defini- 
attaches itself to the soil in which it grows^ or to the 
substance on which it feeds, and is the principal 
organ of nutrition. This definition is perhaps as 
comprehensive as any one that can be given, at least 
in the present stage of our inquiries, whether with 
regard to the class of perfect or imperfect plants ; 
though it is no doubt liable to many exceptions if 
made to apply to both. For even of plants deno- 
minated perfect s6me are found to float on the sur* 
face of the water^ having their roots immersed in it 
but not fixed^ — such as the several species of Lemna 
or Duck-meat ; and of plants denominated imper- 
fect some have no root at all ; or, at leasts no visible 
part distinct from the rest to which that appellation 
can be ascribed ; such as many of the Confervas ; 
or they are apparently altogether root, such as the 
Tuber cibarium or Truffle. 

There are also many of the imperfect plants 
which attach themselves to other vegetables, and to 
vegetable or other substances from which they can- 
not be supposed to derive any sort of nourishment 
whatever, owing either to thci mode of their attach-^ 
ment or to the character of the substances to 
which they attach themselves. Such are many of the 
Mosses, Lichens, and Maritwr Vtikit f^und mdher- 

VOL. 1. D 
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ing to the outer and indurated bark of aged trees^ to 
dead or decayed stumps, to rotten pieces of wood, 
and frequently even to stones. 

These therefore are to be regarded as exceptions 
to the rule, which includes^ however, parauticai 
plants that have generally occasioned some difficulty* 
For although parasitical plants are not found to 
attach themselves to the earth or soil, but to 
spmf other living vegetable, as in the case of the 
Vucum or Missletoe, which grows upon the Apple- 
tree OF the Oak, yet it is from the plant to whick they 
i^ttach themselves that their nourishmeRt ]» derived. 
But almost all plants of the perfect elas^ ave fixed 
in the earth by a root descending in species pf lai^ 
growth, and sometimes even in species of smali 
growth, to a considerable depth below the surlace, 
and spreading, by meana of lateral divisions^ to a 
considerable extent around the ce«tre. The divi* 
sions of the root of the Baobab or African Calabash- 
tree, have been known to measure upwards of one 
hundred feet in length. 
ThecoHar. At the point of union between the root and upper 
part of the plant, there may generally be perceived 
^ sort of aimular bulge or protuberance surround'* 
ing or encii!cling it. It is most discernible ix> th^ 
early stages of the plant's growth^ and is then par- 
ticularly conspicuous in the Horse-chesmitt It is, 
I believe at preseiit without a name, at least among 
English botanists. French bota&ist9 call it Xe Col- 
let, thecoIlar« t ^ 
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The root ii n^tded by Linnsus its ebhii^titig til 
two pftrts^ the CMudM and raiicula.^ The fonii^ 
itonstitotes die body of the toot^ the Isltter the fibrt^ 
which mile AtHO its Surface. 

As roots hare bten found to exhibit a cotisideraibld 
variety of shape^ size, and structure^ stialdgOB^ to 
tiw peculiarities bifeeting the general hibit of tbi 
ptetit^ they have, aceordingly, been fraud to be tif 
pgrtiettkr utility in the diicriminating of ipedet^ 
'and bate been dlMribiited for the oonvenienee of 
botanists, Md for the sake of giving prieisioil to 
botettital deseription, into ieveral different sort*, of 
which the following nite the principal. 



SUBSECTION I. 



The SpmdU-shaptd Root.^1^ spindle-lhaped 
root {PI. I. Fig. l.)> which \t a root tapering gra- 
dually, as its name imi^ies, from the base or collar 
to the apex, and descending t6 a considerable depth 
in the soil, is so very well known in the common 
and familiar examples of the Carrot and Parsnip, 
that perhaps tko illustration of it is necessary beyond 
a mei^ f t fe re a c e to the rooti of thi»Be plants. 



SUBSSCnOK II. 

The BHte$^ or Truncdted Root. ^Tbt bitten or 
truncated root {PL I. Fig. 2.) is a root tapering 

« Phil. Bot. sect. 80» 
D2 
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gradually like the spindle-shaped root^ but terminat* 

ing abruptly as if the lower extremity were cut. or 

bitten off. It is exemplified in the plant called 

Devil's-bit, or DevilVbit ScBbiou^r^Scabiosa sucr, 

Ju n^ cisa ; which affords^ at the same time^ an example 

died of the whimsical and superstitious notions enters 

virtues. ii^JQ^ \yy (he simplists of ancient times with regard 

to the virtues inherent in plants. Almost all plants- 
were supposed to possess some peculiar and medici- 
nal virtues. But here was a plant with part of the 
root bitten off. The inference accordingly was^ that 
the part wanting must have been bitten off by the 
Devil out of sheer malice to naankind, and on ac- 
count of the peculiar potency of its medical 
yirtues.* But unluckily for the patients of modem 
times, the medicinal virtues of this plant do not, 
upon inquiry, turn out to be any way remarkable ; 
and the deficiency of the part bitten off has been 
accounted for in another way. 



SUBSECTION III. 

The Fibrous or CapiUary Root j— -The fibrous or 
capillary root (PI. I. Fig. 3.) is a root consisting 
of several small and thread-like fibres, of which one 
is generally central, and the rest lateral, supporting 
the plant not by their individual strength but by 
their numbers and distribution, elongating in a 

* Gerard's Herbal, 58?. 
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divergent direction^ and rivetting down the plant on 
all sides. Such are the roots of most of the Grasses, 
as^ exemplified in the case of Wheat/ Oats^ Barley. 



SUBSECnOK IV* 

The Bulbous Root.— The bulbous root (PL I. Solid, 
Fig. 4.) is a root consisting of a circular assemblage ^^ ^^ 
of small fibres originating in the under surface of a 
bulb or knoby solid or composed of succulent coats 
6r scales, and containing the rudiments of a future 
plant, as exemplified in the bulbs of the Crocus^ 
Tulip, and Lily. Hence bulbs are vulgarly regarded, 
and very often described, as being altogether roots 
*— perhaps beteuse they are wholly lodged in the 
soil when planted by the gardener or florist. But 
the truth is, that the fibres issuing from the under 
surface of the bulb are the only true and efficient 
TOot; because if they are entirely cut away, the 
bulb will not germinate. And on this account some 
botanists have objected to the term bulbous root 
altogether, since the bulb is in fact no part of the 
root. But there can be no impropriety in retaining 
the term if we are only careful to annex to it a true 
and correct idea, remembering that it signifies only 
a root furnished with a bulb, and not regarding the 
bulb as a root of itself* Whence it follows, that 
the bulbous root is only in fact a fibrous root with a 
bulb attached tQ it 



ties. 
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SUBSECTION V. 

The t\ibirms JUot.^^Th» iuberous root (PLh 
Fig. 5.) is A I'^'ot consisting of a knob or tubercle fur- 
nished with a number of small and scattered fibres ; 
or of a number of knobs or tubercles united by 
n^i^s of f ue^ &kjm, »nd ibrmuAg <^ dvster. If ^e 
knob '^ sii\gl9 U 14 generally of n spberigul forai^ m 
ip th9 ^rt)^iiut> Mwitm Bulk^QMtmmnj wA 
Jru» mf^tMfH ; though in some «a$as the Mxko\ 
wh?n it ^tt^iQs to it9 f^U gF9iWth« beoonjke^ hollow 

a« in th>t of fumm$^09On 

Itovtrie- Qntof rooU opnsisti^g^f moff tb$n ^m kofih 
t^(^^i;^ is i| Qonsiderabie viMriety, SfMQetinies the^ 
kiiob^ afe ia pi^irsj ^$ in t|i$ root of th^ 0/fArys 
spiralisj^ or j^iadi^* Tiaoes^ aqd gf tb^ ««rly IHirpW 
Oichis. If a puir of theae knobs is takei^ wA seps^- 
v^ted md th«n imimvsed in wntet j the one will bo 
fiw«id to si«|^ a«4 lb« ^^r t^ swi«^ Thi|isJ^ 
pliienow^^ooii tb^t seeim also to Imvo pwilM ^ 
smpUit« of antiquity nf t % littk ; w4 tKk hwm gmm 
Vm IQ ? gceat deal of idU and sufi^drstitiGms een^^ 
jecture. It wsa thougl^t that the knob t|^ swioM 
VmA pecessarily h^ye possese^d sowe peeuliair «ml 
ppteot pif^^rtiesfe and i^ieoordiiMgly uom^ p^tenl 
fjsopt^rtm^ wePQ v«ry UberaUy w^ribisd to it. If 
f Keyaredin ^ part^ai^r manner i^nd ^'vom ^nt i#y 
QP9*9 pW8i9ii» it we« belieived t^ ba?o the sis^gi^w 
property of exciting, by means of |W0|pW mmm^m 
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menty a violent attachment to the wearer in the 
breast of any one he pleased. And this belief is stitl 
a vulgar error among the ignorant and supertti* 
tious ; though the sinking of the one knob, and the 
swimming of the other, have been accounted for from 
the regular operation of natural causes^ and the mys- 
tery and magic charm of the phenomenon altogether 
dissolved. 

From the swimming knob which was generated in 
the course of the preceding year, the plant of the 
present year, together with the sinking knob, has 
sprung ; but by this means the substance of the swim« 
ming knob has become exhausted, and specifically 
lighter than water, and on this account it swims. The 
skikrng knob, which is still firm and solid, is of 
course specifically heavier than the water, and on 
this account it sinks ; but in the succeeding year 
it also will produce a new plant and knob, and will 
then become the swimming knob itsdf^ and fiide and 
decay in its turn. 

Sometimes the knobs are palmate, that is, consist- 
ing of several divisions that have in the aggregate a 
slight resemblance in shape to thatof the human hand^ 
an example of which variety may be seen in the root 
of Orchis latifolia. — So^netimes they are arranged in 
dusters, of which the individuals are cylindrical, as in 
the root of Ophrys Nidus avis or Bird Vnest Ophrys. 
— ^Sometimes they are crowded together in clusters of 
which the individuals are small and globular, as in 
the root of Sasifraga granulata or White Saxifirage ; 
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and sometimes they are dispersed ia large and scat- 
tered lumps united together by thread-like fibres, as 
in the root of the Potatoe, 



SUBSECTION VI. 

Lateral General Remarks. — Such are the principal sorts of 
roots distinguished by botanists, at least as regarding 
thegeneral outlineof their figure. But the small fibres 
issuing from the surface of the caudex which are 
essential to complete the notion of a root^ must now 
also be noticed. Sometimes they are scattered as if 
at random over the whole surface of the caudex or 
main division, issuing pi;omiscuous]y from all parts 
of it, but particularly from the apex, as in the case 
of Maha syl'Oestris or the Common Mallow. Some- 
times they issue from the caudex in whirls situated 
at regular intervals, at least in plants vegetating in 
the water or affecting a marshy situation, as in the 
root of Hippuris "oulgaris, and Cicuta "oirosa. 
Sometimes they issue from the upper extremity of 
the caudex, as in Scabiosa succisa ; but always from 
the lower extremity of the true bulb, where, indeed, 
they are to be regarded as constituting alone the 
root. 
Furoisbed But the fibres thus issuing from the caudex, to' 
rondanr ^^ich they are generally lateral, are ag^in furnished 
^bres. ^ith still smaller fibres lateral to themselves, and 
terminating at last in fine capillary, and often 
transparent points^ which are said to . be renewed 
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annually ; * being originally protruded in the 
spring, perishing in the winter, and again succeeded 
by a new set in the. spring following. Hence they 
seem to bear the same relation to the root that the 
leaves bear to the stem or branch. 

If roots are viewed with regard to their direction The dii«o- 
as penetrating the soil^ some will be found to de- ^'^°* 
scend perpendicularly, others obliquely, and others 
to extend themselves in a direction parallel to the 
horizon. 

If viewed with regard to their surSeice they are 
marked with scars or inequalities; or covered with 
scales, or beset with a fine down, or with soft and 
fine hairs. 

If viewed with regard to their substance they ar« Salntance, 
milky, as in Sanchus aroensU, or Corn Sow-thistle ; 
or fleshy, as in Tamus communU or Black Briony ; 
or woody, as in the roots of shrubs and trees« 

The colour of the root is generally darkish ; Colour, 
though in some plants it is white, as in Horse-ra« 
dish ; in some yellow, as in Broad-leaved Dock ; and 
in some red, as in the Carrot. 

The odour of the root is often one of its most Odour, 
distinguished properties; being sometimes strong 
and ungrateful, as in Wild Valerian ; sometimes pun- 
gent and penetrating, as in Horse-radish; and 
sometimes spicy and aromatic^ as in Spignel and 
Sweet Cicely. In Pucedanum officinale^'xt resembles 
that of sulphur. 

 Physique des Arbres, liv, i. chap. \\ 
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Ta»te. The taste of this root is mild and grateful, as in 

the Carrot and Parsnip; or it is hot and acrid, as in 
Bolboos Crowfoot ; or it is bitter and nauseous, as 
in White Hellebore ; or it is lusciously sweet, as in 
Liquoric&-root. 

Silt. The si2e of the root, if compared with that of the 

plant of which it forms a part, is in some cases very 
large, as in the Beet-root and Carrot ; while in 
others it is very small, as in common flax. 

Dunkion. The duration of the root is either annual, biennial^ 
or perennial ; annual if it subsists but for one year or 
seliSOB, as in the Pea and Bean ; biennial if it subsists 
for two years, as in Dipsacus Fullonum or Fuller's 
Teasel ; and perennial if it subsists for many years, 
as in the roots of trees and shrubs. 

And me. .Finally, the dietetical and medical virtues of 

▼iruMiof phtnts are frequently found to reside in the root. 

^^^^ The Carrot; Potatoe, and Parsnip, are well known 
examples of the former ; and the Mezercon and 
Meadow-saffron are notable examples of the latter. 



SECTION II. 



The Trunk. 



Ittde6ni- The trunk is that part 6f the plant which, springs 
itig immediately from the root, ascends in a vertical 
position above the surface of die soil, and constitutes 
the principal bulk of the individual. It has been 
represented by Linnaeus as being the caudex ascen- 
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4eiui or root above groiind.^ Bot without- waitfog 
to offer any illustration of this comparison, which 
b perhaps more fancifiil« than philosophical, I shall 
proceed to consider trunks as distributed into dis- 
tinct species according to the peculiarities of th^ir 
form and stractuve. The species proper to perfect its 
plants are the three following : the stem, the culm, ^^^^"^ 
and stipe, of which in their order. 

SUBSECTION I. 

The Stenu---^T\x^ stem is the trunk of trees, shrubs, lu figaiv. 
ander-shrubs, and the gfe^ter part of herbs. In most 
plants it is of a ^lindnoal form, tapering towards 
the upper extremity, as in the oak and elm. But in 
9ome it is compressed or flattened on both sides, 
with the edges or angles more or less blunt, as in 
Flat-stalked Pond-weed ; i^ some it is triangular^ aa 
in most spe<des of Care:^ & in some it is qoadrangu- 
kr, as ia Figwort ; in some it is fluted or furrowed 
with longitudinal groove^, as in common C!ow^ 
|wsaip ; in Mme it is winged,^ that is, furnished 
vith a membranaceous and leafy prdongation of the 
angles, as in Narrow-leaved Lathy ras; and in some it 
Id jointed, that is, having the af^pearanee of a nom^ 
ber of pieces joined together, and fbrnsi^g a knot 
at thi^^point of unioQ, as in the Pink. Such are the 
mgat coHHOoa vtrieties of figure exhibited in the 

« tkiA. Bot. %9QU se. t Ft I. Kg. S. 
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8teBi> firom which, as well rb from several others, 
the species is often very happily characterized. 
Stnietore. If viewed with rq^ard to their structure^ stems are 
either simple, that is without divisions, as the 
stem of the White Lily, or compound, that is con- 
stisting of two or more divisions, as in the generality 
of plants. The divisions are but seldom arranged 
in any thin^ like a regular form ; but sometimes 
they originate in pairs, and then the stem is said to 
be dichotomous, as in the Missletoe. Stems are also 
for the. most part solid, but in some species they are 
found to be tubular, as in Water Hemlock ; the tubu« 
lar part being generally divided by thin and trans- 
verse partitions, as in Wild Angelica. 
Potiikm. Stems in the process of vegetation assume, for 
the most part, a vertical position, though not always 
strictly so ; for there are many exceptions to this rule, 
some species affecting a position peculiar to them- 
selves ; ascending, not in an upright but in a zigzag 
direction, and the stems being hence denominated 
flaxuose, as in the case of Celastrus buxifolius 
{PL I. Fig. 6.) ; or, after ascending vertically for the 
greater part of their height, terminating at last in a 
curve, so as that the top bends down towards the 
ground. This last species botanists have designated 
by the appellation c^ the nodding stem, which may 
be exemplified in the case of Water Avens or the 
Musk Thistle. {Ph I. Fig. 7.) Another exception 
]s that of the creeping stem, which extends itself 
horizontally along the surfBice of the earth and senda 
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down roots at regular intervals, as in the case of 
common Creeping Cinquefoil, or of Ground-ivy» 
Another fiimiliar exception is that of the climbing 
stern^ which attaches itself by meafls of roots^ or 
other peculiar organs^ to other plants or other 
bodies for support, not being of itself sufficiently 
strong to assume or maintain the upright position. 
Such are the stems of the Vine and Ivy. But the 
most elegant as well as most singular exception is 
that of the twining stem of botanist?^ which being Twining 
too slender to support itself, ascends by twisting**^* 
itself spirally around some other plant or prop. 
And what is most to be remarked, in the economy 
of such stems, is that the spiral twining is never 
effected at random, but always in a determinate 
manner in the same species ; some stems twisting 
themselves round their prop in a direction from left 
to right {PL I. Fig. 9.), or according to the ap- 
parent motion of the sun^ and never otherwise, as 
in the Honey*suckle and Black Briony {PL I. 
Fig. 10.); and others twisting themselves from right 
to lefty or contrary to the apparent motion of the sun, 
and never otherwise^ as in Convolvulus septum or 
Great Bindweed. 

SUBSECTION II. 

The Culm.-^The culm or straw {PL I. Fig. 11.) 
is the trunk of the grasses, rushes, and several other 
plants nearly allied to them. In their figure such Fi^n. 
trunks are generally cylindrical^ aiin wheat and oats; 
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bot in some spider ofSckanus^ Scirpu^^ and Cypress* 
grass^ tbey are triangolar. In their struct a re they 
are generally hollow or tubular^ as in the straw o( 
Wheat : but iff some genera they are solid , ai in the 
atraw of the Bulrush. The hollow straw is generally 
jointed with krge awollen knots at the joints^ as in 
Oats and Barley ; but most of the rushes are witln 
out joints, though many of them are still tubular^ 
having their transverse partitions at regular inter- 
vals without external knots* Some of the g^ssea 
have a peculiar and strongly marked bend at the 
knots^ and then they are said to be knee-jointed^ aa 
Ahpecurus geniculatus. 



suBSEcnoi^ in. 

The Stipe.^^Tht stipe is a sort of secondary trunk 

(PL I. Fig. 12.), at least as applicable to the class of 

As dis- plants now under consideration, and is peculiar to 

^f^^- Palms. Itis8u;s fW)m the nK>torfix>m the sum- 

and cSm. ™^^ ^^ ^^ main stem, and supports the foliage, 

though it has but little that is analogous to the 

stem either in its shape or mode of growth ; its 

shape being similar to that of leaves in its exhibit* 

ing two sides ; and the shape of the main stem 

being that of the shaft of a column, cylindrical 

but without knots, and nearly of the same diameter 

throughout ; as well as advancing in height by means* 

of ttmual additions to the summit only, the diameter 

of the first year being the maximum. 
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SUBSECmON IV. 

General Remarks. — If trunks are viewed with Sufioe. 
regard to their surface they are smooth without 
any inequality or asperity, as in the Spurge-laurel 
and Bulrush ; or they are rough and interspersed 
with rugged points and inequalities ; or beset 
with stiff bristles^ as in common Cow-parsnip and 
Viper*s Bugloss ; or with prickles or thorns, as in 
the rose and sloe-tree ; or they are rift into clefts 
and chinks, as in the trunks of old treses. 

In their substance they are fleshy and succulent Substanee. 
like the stem of the common House-leek ; or they 
are fibrous, as the straw of the Bulrush ; or they are 
firm and woody, as the trunk of the oak. 

In their size they are to be found of all dimen- Siw cx- 
sions, from that of the diminutive Draba that 8ur-in£e 
mounts the parched wall, to that of the lofty moun- Ssima of 
tain Palm that rears its head to the clouds. This S*^*"*- 
immense and gigantic tree, the Palma altmima of 
Sloane, is a native of the West Indies, growing to 
the height of one hundred and twenty feet,* some- 
times to the height of one hundred and fifty feet, 
and even, as it is said^ to that of two hundred feet ; 
being about seven feet in circumference at the base, 
but gradually tapering towards the summit, and thus 
forming with its lofty crown of fronds the noblest 
object of vegetable creation. 

' ^ Sloaae*8 Nat« Hist, of Jamaica. 
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In our own country Oaks of a great age have been 
known to measure upwards of forty feet in circum- 
ference at the base of the trunks with an elevation 
of ten or twelve feet witheut any division. At Col- 
thorpe, near Wetherby in Yorkshire^ there is now 
growing an Oak that measures seventy-eight feet in 
circumference close to the ground^and forty-eight feet 
at the height of a yard. It is said to have begun to de- 
cline in the reign of queen Elizabeth, and though now 
much in decay is still likely to stand for many years» 
And Ad- But the trunk of the Baobab or African Calabash- 

 

digiuu. tree, Adansonia digitata, is , beyond all comparison 
the largest tree yet known. Adansou in his voyage 
to Senegal saw a tree of this species that measured 
seventy feet in height from the root to the top of 
the branches, the trunk being ten or twelve feet in 
height by twenty-seven feet in diameter ;* a growth 
so enormous, that if the fact were not well authen* 
ticatied we should be apt to regard it as altogether 
fabulous. The trunk of this immense tree is some-' 
times hollowed out and converted into a sort of 
house, serving for the abode of several families of 
negroes. 

SECTION III. 

The Branches* 

Defini- Th£ branches are the divisions of the trunk orr« 

ginating generally in the upper extremity, but often 

* Fam. de Plant. Prcf. ccxif. 
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tiso along the sides* The primary divbions are 
agaia subdivided into secondary divisions, and these 
again into still smaller divisions till they terminate 
at last in slender twigs. In point of external form 
and structure the branches resemble the trunks but 
in point of insertion, distribution, and direction^ 
they exhibit some considerable variety ; furnishing 
a ground of distinction occasionally resorted to by 
botanists in the discriminating and characteriz- 
ing of species. 

In their insertion and distribution they are op- Their 
posite, that is growing in pairs^ one on each side bf tioa. 
the trunk and originating in the same horizontal 
plain, as in Hypericum pulchrum ; or they are al« 
temate^ that is succeeding one another at certain in- 
tervals on opposi^ sides of the trunk, but not 
<Miginating in the same horizontal plain, as in Pofy^ 
ganum persicaria; or they are verticillate, that is 
issuing from the trunk in whirls^ and at regular 
intervals, as in the Scotch*fir {PL I. Fig. 13.) ; or 
they are decussated, that is growing in opposite 
pairs, of which each crosses the other alternately at 
right angles^ as in Fuller's Teasel (Pi. I. Fig. 14.) ; 
or they are distichous, that is originating promis- 
cuously on all parts of the stem, but turned chiefly 
in two opposite directions so as to form two rows, as 
in the smaller branches of the Yew-tree, or Silver-4r t 
or they are scattered, that is issuing promiscuously 
from all parts of the stem and^erging in all direct 

VOL. I. 8 V 



50 tH£ BRANCHES. l»AtT 2. 

tions^ as in the greater part of trees and shrubs ; 
or they are fitstigiate, that is of different lengths, 
and inserted promiscuoasly at different heights, 
but forniing a flat tuft upon the top, as in Dian* 
thus barhatus. 

PotitioD. In their position they are vertical, that is laying 
close to the stem, as in the poplar ; or spreading, 
that is forming an acute angle with the upper part 
of the stem ; or divergent, that is expanding hori* 
,zon tally or at right angles to the stem ; or straddling, 
that is forming an obtuse angle with the upper part 
of the stem ; or deflected, that is hanging down so 
as to form an arch, as in the weeping ash ; or re- 
flected, that is hanging down almost perpendicu- 
larly, as in the i^'eeping willow ; or retroflected, that 
is bent or twisted in various dir^tions. 

Size. In their size they are proportioned to the dimen- 

sions of the trunk, expanding in trees of large 
growth to a great distance from the centre, and 
forming a sort of secondary trunk. The horizontal 
branches of a full grown Calabash-tree are said to 
be from forty to fifty feet in length, thus forming 
a diameter of upwards of a hundred^ and con- 
sequently a circumference of upwards of three 
hundred feet.* 

^-Eamill. de^ Plant. Pref. ccxii. 
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SECTION lY. 

The Leaf. 

^HB leaf^ which is a temporary part of the plants Its defini- 
i^ a thin and flat substance of a green colour^ issu- '^"' 
ing generally from the extremity of the branches^ 
but sometimes also immediately from the stem or 
root^ and distinguishable by the sight or touch into 
9D upper and under surface, a base and an apex^ 
with a midrib and lateral nerves. But to this defi- 
nition there are no doubt a good many exceptions. 
For leaves are not always thin and flat, nor are they 
always green. The leaves of the Aloe and common 
House-leek are thick and fleshy, the leaves of the 
Beet are of a dark an^ dull purple ; and the leaves 
of Canary Reed-grass are variegated with stripes of 
green and white. Nor are all leaves furnished with 
a midrib and lateral divisions ; for in the Grasses th^ 
nenies are parallel. 

The point by which the leaf is attached to the Regioiii. 
plant is the base ; the terminating point opposite 
is the apex ; the intermediate body of the leaf is the 
expansion, and the boundary of the expansion is 
the margin. The base is sometimes merely a point 
in which the expansion originates, forming, as it 
were, part of the margin, and connecting the ex- 
jiansion immediately with the branch or stem. In 
this case the leaf is said to be sessile or sitting 
(PL II. Fig. 1 •), as in that of Germander Speed- 

e2 
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well and many others. But it often happens that 
the base is prolonged into a sort of pedicle, foot- 
stalk, or leaf-stalk, by which the expansion is re- 
moved to some distance from the point of attach- 
ment, as in the leaves of the Vine and Poplar. In 
this case the foot-stalk is denominated by botanists 

The pe- the petiole, and the leaf said to be petiolate. {PL II. 

^'^ Fig. 2.) 

Its figure. The figure of the petiole is generally semi-cylin- 
drical, that is convex on the under surface, and flat 
or rather channelled on the upper ; but in the leaves 
of the Vine and Ivy it is altogether cylindrical. 
Sometimes it is furnished with a sort of secondary 
expansion towards the base, by which it invests the 
stem, as in Angelica sylvestris, and then it is said to 
be winged. Sometimes it invests the stem through- 
out the whole of its extent, as in the Grasses, and 
then it is denominated the sheath. Sometimes it is 
shorter than the expansion, as in the leaf of the 
Elm ; sometimes it is longer, as in the leaf of Cofir 
volvulus septum ; and sometimes it is of much the 
same length with the expansion, as in the leaf of the 
Poplar. 

Simple If the petiole supports but a single expansion it 

P^^^ is always simple, and always to be regarded as con- 
stituting an int^ral part of the leaf. This identity 
is, I believe, not generally recognized by botanists. 
But it will require no great depth of observation t^ 
convince any one that, in the case now stated, the 
petiole and expansion constitute only one individual 
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organ ; the midrib of the expansion being merely a 
direct prolongation of the central fibres of the 
petiole, and the lateral nerves being merely ramifi- 
cations of the . midrib, or secondary, or divergiqnt 
prolongations of the petiole ; so that no separation 
of them can be efiected without absolutely cutting 
or tearing them asunder. The point from which 
the fibres of the petiole begin to diverge is generally 
in the margin of the expansion ; but in some leaves 
this, point is placed in the centre, and the leaf said 
to be peltate or, target*shaped(P/. IL Fig. 3.), as 
that of the common Nasturtium or Indian Cress, 

If the petiole supports several distinct expansions Support- 
it is not always simple, and not always to be re- l^pt^^ 
garded as constituting an int^ral part of the leaf. *^^°^ 
The petioleof the leaf of the Horse Chesnut, which 
supports several distinct expansions, is indeed sim- 
ple, but does not constitute an integral part of the 
leaf, at least in the rigorous sense in which the ' 

petiole supporting only a single expansion may be 
said to do ; b^ause the several expansions, which 
are indeed. the real leaves, are not direct and imme- 
diate prolongations of the petiole, but distinct qi'-< 
gans attached to. it by a natural and conspicuous 
joint, at which, in the season of the leafs fall, they 
spontaneously detach, themselves from the petiole, in 
the same manner in which the petiole detaches 
itself from the tree. 

But when the petiole supports several distinct Com- 
expansions it i^ it3elf generally divided, or, in the SoSk ^ 
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language of botanisto^ compound. The portion 
from which the primary divisions proceed is called 
the primary petiole ; the divisions thus formed are 
called the secondary petioles ; and the subdivisions of 
these last are called the ternary petioles. Hence 
the principal distinctions which botanists have in* 
troduced into their descriptions of compound leaves. 
If the petiole is itself undivided but su|^rting 
several distinct expansions at the extremity as in the 
Strawberry, the leaf is said to be digitate. (PL II. 
Fig. 4.) If the leaflets or distinct expansions 
are arranged on opposite sides of the petiole as in 
the Pea and Vetch, the leaf is said to be winged. 
(PL II. Fig. 5.) If the insertions of the leaflets 
are opposite, the leaf is said to be oppositely 
winged, and if they are alternate it is said to be al- 
ternately winged. If the petiole supports an odd 
leaflet at the extremity, the leaf is said to be' 
oddly winged ; if it does not support an odd leaflet 
at the extremity it is said to be abruptly winged ; 
and if the primary petiole is furnished with se- 
condary petioles, which are again furnished with 
leaflets, or with ternary petioles, it is then said to 
be doubly or trebly winged as in the leaves of FooFs 
Parsley and Common Hemlock. (PL II. Fig. 6.) 
Figure of. The figure of the leaf or expansion has been 
lion!*^*^' fo""d to be of great use to botanists in the discrimi- 
nating of the difierent species of a genus ; and the 
consequence is, that they bave spared no pains nor 
labour to determine by observation and description 
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Ihe varieties of its form, of w^ich they generally 
enumerate upwards of an hundred. 

If the expakision is flat and membranaceous^ the 
most frequent forms are the circular, the oval^ the 
oblong, the triangular^ the rhomboidal, the lanceo* 
kte, the tongue-shaped, .the lyre-shaped. If they 
are thick and succulent, the most frequent forms are 
the cylindrical, the semi-cylindrical, the tubular, 
the 8Word*shaped, the compressed, that is thick and 
fleshy in the middle but flattened at the edges. 
The apex is very generally acute or pointed, but it 
is often also obtuse and sometimes appearing as if 
bitten or truncated, as in the leaves of Epidendrum 
pramorwm and the Tulip-tree. {PI. II. Fig. 8.) 
The maigin is entire, or cartilaginous, or undulated^ 
or curied, or notched, or toothed, or serrated, or 
fringed, that is qut into fine ai^d small segments, or 
'Set with strong hairs. But if the segments are 
large the figure of the expai^sion is more varied. 
^Sometimes it is simply cl^ft, sometimes wiQg-cleft, 
sometimes lobed, and at other times it has the ap* 
pearanoe of being torn or jagged, as in the leaf of 
Senecio squalidM. (Plp IL Fig. 7») But the figure 
of some leaves is altc^ther anomalous, and cannot 
be brought under any of the foregoing divisions, 
nor indeed under any other divisions thfit botanists 
have yet justitutedj such as those of Nepenthes 
distillatoria {PI. 11. Fig. OO^ Sarracenia purpurea 
or Purple Side-saddlorflower {PL II. Fig. 10.), and 
Dionaa Mucipula or Venus's Flytrap {PL II. 
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Fig* 11 •)» which exhibit a singularity of stractnro 
unparalleled, as it appears, in the natural histcMry of 
Jeaves. 

The expansion, like the petiole, is generally di»« 
tinguishable into an upper and under surfiice^ of 
which the upper surface is generally flat or rather 
somewhat concave, and the under surface slightly 
convex, or perhaps even keeled by the longitudinal 
ridge of the midrib. The former is also more 
smooth than the latter, and of a deeper shade of 
green, as may be very distinctly perceived in the 
leaves of the Bramble and White Poplar. If the 
ramifications of the midrib are large and conspicuous, 
the leaf is said to be ribbed, as in the leaf of Water 
ji^lantain. (jPI. IL Fig. 12.) If the sur&oe is much 
raised between the smaller divisions of the nerves, 
the leaf is said to be wrinkled, as in Scotch- 
Icale ; and if the surface is moulded into a number 
of overlapping folds, the leaf is said to be plaited, 
as in the beautiful leaf of Ladies* Mantle. (PL II. 
Fig. 13.) 
tAKTH If the leaf springs immediately from the root, it 
teHied' i* ^^^ ^^ he radical ; if from the origin of the 
[tMerUoo'^ branches, it is axillary ; if from the extremity of the 
branches, it is terminal. If it surrounds the stem 
or branch by its base, it is called an embracing leaf; 
and if it enfolds and invests the stem by its base, 
it is called a sheathing leaf, as in the Grasses. 
And dit- The leaves, like the branches, are in their dis^ 
n ution. ^j.jjj|jj|p^ opposite, or alternate, or tufted, or 
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scattered, or in two rows, or in whirls, as in 
Ladies* Bed-straw. {PL II. Fig. 14«) Sometimes 
two or more are found to issue from the same point ; 
sometimes they are all turned to one side of the 
stem, as in the genus Cawoallaria (PL IL i%. 15.), 
and sometimes they are laid close to the stem and 
imbricated like the tiles of a house, as in Erica 
vulgaris. 

- Like the branches their direction is also vertical, 
or expanding, or horizontal, as in Gentiana cam^ 
pestris ; or reflected, as in Erica retort a ; or floating, 
as in the leaf of the Water Lily. 

The size of the leaf as well as all the other Siie of 
^alities, varies according to the species of plant 
on which it grows. But it is not always the largest 
plant that has the largest leaf. The leaf of Caltha 
paiustris^ though an humble herb, is larger than 
the leaf of the Oak, though a lofty tree. The largest 
leaf produced on any British species of plant is, 
I believe, that of Arctium Lappa, or Tussilago 
Petasites ; and yet it is scarcely fit to be compared 
with the leaves of many of the Exotics. The leaf 
of Strelitzia regina grows to the height of three or 
four feet by eighteen inches at the broadest, and yet 
there are others still larger. The leaves of the 
Banana or Plantain-tree have been known to grow to 
the extent of ten feet, ia length by two feet kt the 
base ; * so that some writers, owing perhaps to their 

• Lsnr, Flor. Cochin. 
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extraordinary dimensioDs, have supposed them to 
be the leaves of which Adam and Eve are said to 
have made themselves aprons when they first felt 
the want of clothing ; and to be the same with 
those denominated fig-leaves in the history of that 
transaction as related by Moses. The leaves of 
some of the Palms^ in their Compound dimensions, 
are frequently to be met with of the extent of from 
ten to fifteen feet in length ; the length of the largest 
• of the individual leaflets being three feet. 

. The leaves, from their size or number, are 
naturally well calculated to form an agreeable and 
cooling shade, amidst the sultry heats of the tropi- 
cal regions ; where, as the shelter of some shade it 
most wanted, so the leaves of trees are found to be 
the largest, and are used in a variety of wajrs to 
screen the inhabitants from the rays of a vertical 
sun. . And even in countries that are not within the 
tropics, the shade afforded by the leaves of trees is 
still extremely desirable during the heats of sum- 
mer. Hence the celebrated groves of Academus 
where Plato and his successors delivered their lec- 
tures in philosophy ; and the cool and shady avenues 
of Chesnut or Lime-trees, even in our own country, 
which are not yet entirely banished by the altered 
manners of modem times. 
Odour. The odour of the leaf is oftentimes extremely 
grateful, particularly when bruised with the hand, as 
the leaf of Myrtus Pimenta or Jamaica Pepper will 
readily show. Some leaves will retain their aroma- , 
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tic flavour for several years even in a dried state, as 
may be exemplified in the case of Verbena trU 
phylla. The leaves of many of the .Geraniums are 
extremely sweet-scented, and the odour of the 
leaves of Mint and Balm is known to almost every 

body. 

The dietetical uses of vegetables are very often Uses. 
confined to the leaf, as may be exemplified in Cab- 
bage» Cellery, and Letttiee^ of which the leaves only 
are used for culinary purpoies. The leaves of the 
Grasses are also the principal food of most quadru- 
peds ; and there is scarcely a leaf of any plant 
whatever that is not fed upon by some insect And 
ao also the medical virtues of plants, as well as the 
dietetical uses, are found frequently to reside in the 
leaves, as may be exemplified in the case of Hemlock 
and Fox-glove, the most potent of simples, but of 
which the leaves only are used in pharmacy. 

Lastly, as the leaf is only a temporary or decidu- 
ous part, it dies in the autumn or winter, and is 
regenerated in the succeeding spring. While it 
exists, however, it forms one of the principal orna- 
ments of the plant, and is easily distinguished firom 
the other parts. In the seasons of spring and ' 
«umn)er it clothes the plant with verdure, and forms, 
by its expansion, a cool and inviting shade. And 
even, in its decay and fall it ceases not to gratify the 
eye, assuming by slow degrees a paler and milder 
shade, and tinging the forest and the plain with an 
infinite variety of hues. 
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SECTION V, 



The Frond. 



Astppiied The firond^ which is to be regarded as a com- 
••P""** pound of several of the parts already deseribed, 
consists of an union or incorporation of the leaf, lea& 
stalk, and branch or stem, fiirming as it were but 
one organ, of which the, constituent parts do not 
separate spontaneously from one another by means 
of the fracture of any natural joint as in the case 
of plants in general, but adhere together even in 
their decay. Like the stipe^ it is peculiar only to 
Palms, at least as applicable to perfect plants, and 
is sometimes pinnate, as in Zamia tnUgrtfoUa. 
(PL II. Fig. l6.), sometimes doubly pinnate, and 
sometimes fen-shaped and plaited, as in Chamarops 
humitis and Raphis flabellifarmis. 

It seems indeed, as well as the term stipe, to be 
going into disuse as applied to palms, and conse- 
quently as applied to the division of plants now 
under consideration. But as it was originally ap- 
plied by Linnaeus to the natural family of Palms, 
whose mode of leafing is singular and well describ- 
ed by the frond, I have thought it worthy of a place 
in this part of the book. 

Does not the herbage of Cactus Opuntia consti* 
tute a frond r 
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CONSERVATTIVB APPENDACES. 

The conservative appendages are such accessory 
or supemumeraiy parts as are found to accompany 
the conservative organs occasionally^ but not invari- 
ably. It is not meant^ however^ that they make their 
appearance at random. They are permanent in 
whatever species they are found to exist ; some being'^ 
peculiar to one species^ and some to another. _ But 
they are never found to be all united in the same 
species^ and are not necessarily included in the 
general idea of the plant. Where they occur how- 
ever, they are often of the greatest utility to the 
botanist, and are accordingly worthy of a particular 
investigation. I shall now introduce them under 
the several following heads : gems, glands, tendrils, 
stipulae, armature, pubescence, anomalies. 
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SECTION L 



Gems. 



' Gems are organized substances issuing from the Their de- 
surface of the plant, and containing the rudiments ^ 
of new and additional parts which they protrude ; *P^^>^- 
or the rudiments of new individuals which they 
constitute by detaching themselves ultimately from 
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the parent plant, and fixing themsetres in the soil. 
Gems, according to Goertner, are of two sorts, sim- 
ple and compound ; simple if fiirnished with only 
a single envelope ; and compound if furnished with 
two or more envelopes. Of each sort there are also 
two species, the former including the Prapago and 
Gongylus*^ihe latter, the bulb and bud, which last 
only are profSer to perfect plants. 

SUBSECTION I. 

Its define The Bulb. — ^The bulb is a compound gem of a ten- 
▼arieties. dcr and succulent suhstaooe, and of an oval or globus 
lar figure, situated upon the root, stem or branchy 
from which it ultimately and spontaneously detaches 
itself, and forms a new individual. If it is situated 
on the root it is said to be radical ; and if upon the 
stem or brancli it is said to be caulinary. 
lUdicai Article ] . The Radical Bulb. — ^The radical bulb 
di8cru>-'^ has generally been regarded by botanists as constito* 
tion. ^igg Qierely a root ; and is still, I believe, often so 
regarded. But this view of the subject cannot be 
acknowledged to be* safficiently correct, except un« 
der the limitations stated in the former chapter, 
by which the term root was found to be applicable 
only to the fibres issuing from the base of the bulb. 
The bulb therefore is not a root ; but as Linnaeus 
has well characterized itj ^' It is the winter quartert 
of the future plant,*' furnished with a root suitably 
to its peculiar structure. 
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The following are the varieties of the radical Varletwi. 
bttlb as enumerated by botanists. 1. The solid 
bulb (PL III. Fig. ] .), which consists of an entire 
and homogeneous mass of a firm and compact tex* 
ture, as in the case of Crocus satvouf and Gladiolus 
communis ; though not in tibat of the Tulip, which 
has been often quoted as an example of this variety 
of bulb upon the authority even of Linnaeus. But 
^ remark has obviously originated in a mistake^ as 
a very slight inspection will be sufficient to show. 
2. The coated bulb {PI. III. Fig. 2.), which con- 
sists of a succession of concave and concentric 
layers^ enveloping and enveloped by one another, as 
in the bulb of the onion. In Allium victorale the 
coats, or layers, are so beautifully reticulated as to 
r^emble a piece of fine and close net>work* 3. The 
scaly bulb {PL III. Fig. 3.), which consists of an 
assemblage of fleshy scales tiled one abfiire another, 
but united only at the base, as in the bulb of the 
genus Lilium. 4. The lateral bulb, in which the 
shoot is protruded not from the apex or upper ex- 
tremity, as is generally the case, but from the 
ene side, as in Allium Ampeloprasum.^^ 5. The 
double bulb, which consists of two single bulbs 
united together, as in the case of Fritillaria pyre-' 
naica.^ 6. The compound bulb, which consists of 
several individual bulbs united together, as in the 
case of Allium nigrum.% 

• Wid. Princ. Bot p. 60. f Ibid. % Ibid. 
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The can- A»TiCLE 2. ITic Cautinarjf Bulb.-^The caulinaiy 
bulb {PL III. Fig. 4.) consists of a number of 
small scales closely compacted together in an 
ovate or conical form> enclosing the rudiments of 
a future plants and originating sometimes in the axil 
of the leaves, as in Dtntaria bulbifera^ and several 
liliaceous plants; and sometimes at the base of 
the umbel of flowers, as in Allium carinatum 
and others ; in both which cases it is nourished by 
the parent plant till it has reached maturity, at 
which period the bond of connexion is dissolved and 
the bulb falls to the ground, endowed with the 
power of striking root in the soil by sending out 
fibres from the base, and so converting itself into 
a new individual. 

Article 3. General Remarks. — Some bulbs are 
found to be useful as articles of food, or rather as 
giving a sefponing to food, such as the Onion, which 
is so very generally cultivated in our gardens ; and 
some are found to be useful in medicine, such as 

 

the Squill or Sea-onion, so very well known for its 
bitter and nauseous taste. 

To the botanist the figure, structure, or. situation 
cf the bulb, affords often a good and legitimate 
mark for the purpose of specific , discrimination ; 
and to the florist the cultivation of bulbs may fairly 
be said to be a mixing of the utile with the duice^ 
as no plants are more ornamental, and consequently 
more profitable to the cultivator, than plants with 
bulbous roots. 
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SUBSBCnON II. 

The Bud. — ^The bud is a compound gem of an 
ovate or conical. figure, issuing from the axil of the 
leaves or extremity of the branches, and containing 
the rudiments of future branches, leaves, or fruit ; 
but not detaching itself spontaneously from the 
plant and forming a new individual. It is com- 
posed externally of a number of concave and over- 
lapping scales that protect the enclosed embryo 
from the injuries of the atmosphere, and is con- 
nected with the stem or branch by mean^ of a short 
and fleshy pedicle in which the scales originate; 
the outer scales, which are occasionally fringed with 
hairs at the edge, being thicker and tougher in their 
fabric, and of a deeper colour on the external sur- 
face ; and the inner scales, which are similar indeed 
in their structure, being finer and more delicate in 
their fabric and of a paler complexion. The bud 
of the American Walnut is said to be the most mag- 
nificent of all known examples ; though the bud of 
Msculus Hippoiastanum or the Horse-chesnut, is 
I believe little inferiour. 

Buds have been distributed by botanists into the Varieties. 
three followin g varieties : — 1. Such as produce only 
leaves. — 2. Such as produce only flowers. — 3. Such 
as produce both leaves and flowers together. This 
is a very well founded distinction, and the variety 
may generally be recognized by its form. The 
flower-bud is thick and short ; lii^leaf-bud is slen- 
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der and acute ; and the bud producing both leaf and 
flower lai^er than either of the other. The two 
former varieties may be seen in the buds of the 
Peach-tree, in which the leaf-bud and flower-bud 
are always distinct ; and the latter variety may be 
seen in the fruit-buds of tlie Horse-chesnut, which 
are always found to include both leaf and flower* 
Mode of Jf two buds are protruded close together^ it very 
often happens that each is of a difierent variety ; 
. and if three buds are so protruded, it sometimes 
happens that you have all the three varieties ; and 
it has been further remarked that flower-buds which 
are protruded at a distance from leaf-buds, generally 
fiill without producing fruit* 

Some buds are protruded almost at right angles to 
the stem or branch, as those of the Fir-tree ; while 
others are laid so close as to be altogether parallel 
to it, as those of the Willow. When they are pro- 
truded fix>m the upper angle formed by the leaf and 
stem or branch, they are said to be axillary ; and 
when they are protruded from the extremity of tibe 
stem or branch, they are said to be terminating* 
But the stem or branch of all plants is not always 
terminated m the same manner. It was an obser- 
vation of Duhamers that the stem or branches of 
plants whose leaves are alternate are generally termi- 
nated by a solitary bud ; and that the stem or branch 
of plants whose leaves are opposite are generally ter- 
minated by three buds, of which the middle one is 
the largest* pome buds are smooth on their ex- 

* Physique det Arbres, liv, ii.chap. i. 
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terna) surface, as those of the Cherry ; some are 
hairy, as those of the Viburnum ; some are resinous, 
as those of the Horse-chesnut ; and some are marked 
with angles, as those of the Walnut* 

But all plants are not furnished with buds. An- Not uni- 
nuals have none. And even trees and shrubs, to ^"* * 
which they are proper, do not produce buds in hot 
climates; because, perhaps, in hot climates the 
tender germe requires no covering to protect it. But 
in this country, and in all cold countries, trees and 
shrubs are universally furnished with buds; and 
without the intervention of a bud, no new part is 
added to the plant. In all cold countries therefore, 
buds are indispensable to the progress of vegetation ; 
and yet they do not seem to be of any particular use 
to the botanist in the discrimination of the species, 
as being apparently altogether dependant upon 
climate. From their peculiarity of external form, 
however, in different species of plants they may 
serve occasionally to distinguish plants in the win- 
ter; and gardeners do in fact distinguish almost 
all their plants by the bud. 



SECTION XL 

Glands. 

Glands are small and minute substances of vari- Descrip* 
ous different forms found chiefly on the surface of 
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the leaf aad petiole^ but often also on the other 
parts of the plant, and supposed to be oi'gans of 
secretion. This was at least the opinion of Linnaeus, 
who defined the gland to be '^ a little tumour 
secreting a fluid,* ** which is in some cases ho doubt 
the fact. From the extreme minuteness or apparent 
insignificance of vegetable glands, it was long before 
they attracted the attention of botanists, so as to be 
distinctly discriminated into species^ and described 
according to their difierent forms. But this was at 
last effected by the industry of M. Guettard, a 
French physician and botanist, who first under- 
took the investigation of the subject, and charac« 
terized and distributed them as follows :*^ 
Varietie*. 1st. The Miliary Gland. — This species is so de- 
nominated from the supposed resemblance of the in- 
dividuals contained under it to the miliary glands of 
animals — glands usually described as resembling 
grains of Millet seed. Sometimes they are crowded 
. together in clusters, as in the Cypress ; Or arranged 
in regular sets, as in the leaves of the Fir* 

2dly . The Vescicular Gland. — Glands of this species 
are small and membranaceous substances resembling 
transparent bladders. They are found on the leaves 
of the Myrtle and St. John's-wort. 

adly. The Scaly GtmuL — ^This species has the 
appearance of thin and minu^ scales, which are . 

 Phil. BoU sect. 84. f Mem. de 1' Acad. Royal. 176I. 



CHAP. II. GLANDS. '69 

generally of an oblong or circular figure^ and are 
found on the frond of Ferns. 

4thly. The Globular Gland. — ^The glands included 
under this division have the appearance of small 
and minute globules^ and are found chiefly on plants 
with labiate flowers. 

5thly. The Lenticular Gland.-^The figure of this 
gland is that of a lens more or less elongated. It is 
found on the young shoots of many trees^ but par- 
ticularly of the Birch. 

flthly. The Cup-shaped Gland.-— {PlIII. Fig.1.) 
This gland presents a cavity in the form of a cup, 
and is found on the petioles of the Apricot, Nec- 
tarine, and Passion-flower. 

a t 

In some plants the glands are sessile, as those on 
the petiole of the Cherry ; in others they are sup- 
ported on a pedicle^ as in the genus Rosa. {PL III. 
%. 6.) 

Though the petiole is that part of the leaf on 
which they are most frequently situated, yet they 
are by no means confined to it. In the leaf of Satis 
pentandra they are situated between the serratures of 
the margin ; in the leaf of the Tamarisk they origi- 
nate in the under surface, and in the leaf of the 
Sundew they originate in the upper surface. The 
glands of the Moss-rose and Birch-tree are situated 
on the stem and branch. 

The fluid secreted by the glands is in some cases 
resinous and fragrant, as in the glands of the Moss- 
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rose ; in others it is a sort of honied exudation^ M 
in the glands of Vipumum Opulus.^ 
Utility in Linnsus regards the glands as affording good and 

botanical - . . ^ i r •/> j' • • ^' i - 

ditcrimiw legitimate marks or specific discnmmation ; and m 
nation. ^^ distribution of the species of some genera 
they are altogether indispensable. Hius they form 
the only sure mark of distinction between the 
Peach and Almond^ otherwise so very similar that 
the one can scarcely be discriminated from the other. 
And yet the distinction is easily made with the 
aid of the glands. For the leaf of the Almond is 
beset with glands at the base which are situated 
between the serratures^ while the leaf of the Peacil 
has none* 

SECTION in. 



Defini- 
tion. 



Tendrils, 

' The tendril is a thread-shaped and generally 
spiral process issuing from the stem, branch, or 
petiole, and sometimes even from the expansion of 
the leaf itself; being an organ by which plants 
of weak and climbing stems attach themselves to 
other plants, or other substances for support; for 
which purpose it seems to be well fitted by nature, 
the tendril being much stronger than a branch of 
the same size. 



* Smith*s Intro, p. 22fi. 
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, Sometimes the tendril is simple orundivided^Modifica- 
as in that of Lathyrus Aphaca or Yellow Vetchling, *°°*' 
and sometimes it is branched or compound, as iu 
that of the genus Vicia {PI. III. Fig. 8), thus, 
multiplying its chances of meeting with support. 
If it issues from the stem or branch it is generally^ 
at the axil of the leaves ; if from the petiole, at the 
extremity ; and if from the leaf itself, at the apex, 
98 m Gioriosa wperba and Ftageilaria indica, but 
in the Vine it issues from a point opposite to the 
insertioq of the leM^ It is sometimes of use to 
the botanist in the discrimination of species, of 
which it enters even into the essential character, as* 
in the genus Lathyrus. 

In its origip it is generally straight and in some Origin, 
cases still continues so, but in plants in which it is* 
finally spiral it soon begins to assume the spiral 
form, extending itself to the nearest object of sup* 
port, and twisting itself firmly around it, so as to 
prop up the plant till it can send out new tendrils 
to lay hold of objects still higher. 

In some plants the tendril, after completing a cer- Anoma- 
tain number of circumvolutions in one direction, *^' 
twists itself spontaneously about and performs its 
future circumvolutions in a contrary direction. 
This is a phenomenon tiot easily accounted for* 
In the Virginian Creeper, Hedera quinquefoUai or, as 
Dr. Smith thinks it ought to be called, VUis quinque-^ 
Joliay* the tendril which issues from the axil of the 

* Smith's IntrodoctioD, p. 225. 
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leaves of a branched and spiral form terminates at 
last in a flat and fleshy process^ by which it can attach 
itself, in default of better support, even to the surfiice 
of a brick or stone wall. 

In the Common Ivy, Hedera Helix ^ the tendrils 
are not indeed spiral, but t^ey are pro rudcd all 
along the body of the stem or branches in the form 
of small fibres, at least on the side next to the sup- 
porter, insinuating themselves into the very body of 
it, if a vegetable, and fixing themselves as if real 
roots ; and in default of vegetable support, clinging 
even to the naked wall and to the sur&ce of the 
smoothest fiint, and multiplying and attaching 
themselves firmly as the stem elongates, which thus 
often climbs to the summit of the loftiest trees, or 
to the battlements of the loftiest towers, covering 
the decayed trunk with a borrowed foliage, and 
giving beauty even to the mouldering ruin. 



SECTION IV. 

The Stipulce. 

Hefini- The stipulae are small and foliaceous appendages 
accompanying the real leaves and assuming the ap- 
pearance of leaves in miniature. Malpighi is said 
to have been the first to observe and describe them, 
and to inquire into their uses in the vegetable 
economy. 

Modifica- Their figure is very much diversified in different 

tioDS. 
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species, but one of the most prevalent forms is that 
of the halt arrow-shaped, as in the g#nus 
Lathyrfis and many species of Willow. In the 
Grasses they arc merely a sort of thin scale {PL III. 
Fig. Q.) crowning the sheath of the leaf, and with 
it investing the stem. In the genus Pinus they 
consist of a dry and scariose membrane {PL III. 
Fig. 10.) investing the leaves by the base. This is 
at least the case in such species as prbduce their 
leaves in pairs, as in Pintis sylve^ris. 

Sometimes the stipulae are solitary, as in the 
Grasses ; but they are for the most part protruded in 
pairs, one on each side the base of the expansion or 
foot*stalk, as in the Vetch and Weeping Willow. In 
the genus Helianthemum they are protruded in fours. 
In their insertion they are generally altogether dis- 
tinct from the leaf; but in the genus Rosa and 
some others they are attached to it by the one side. 
There are also other varieties in the mode of their 
insertion, from which botanists have divided them 
into such as are extrafoliaceous and such as are in- 
trafoliaceous ; the former originating in the stem 
but rather below the insertion of the leaf, as in the 
cases already quoted ; the latter originating in the 
stem also, but situated rather above the insertion, or 
in the axil of the leaf, as in Prunus Padus or Bird 
Cherry. In many plants, particularly of the natural 
order of Rubiacece^ the stipulae which are intrafolia- 
ceous form a sort of tube or sheath investing: the 
stem immediately above the insertion of the foot- 
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stelk.* This is the case also in the genus Pofy^ 
gonum. ' 

Some stipulas are said to be decidixms^ that is, 

they fall off almost as soon as the leaves are fuljy 

expanded, as those of Liriodendron Tulipifera or 

the Tulip-tree ; but in general they fall only with 

the leaf, as in the Rose and Willow. 

Utilitjr in The stipulae are found by botanists to be of great 

discriiDi- iniportance in specific discrimination; and have 

•'^^^' been regarded as affording also a sufficient indication 

of the natural order and even genus to which any 

plant may belong. But this rule does not always 

hold good. For the stipulae are not always present 

in all species of the same genus. In the CistuSj for 

example, some species are furnished with stipula^ 

while others are not,*!* 



SECTION V. 

Ramenta. 

Their de« Ramenta are thin, oblong, and strap-shaped 
appendages of a brownish colour issuing from the 
surface of the plant, and somewhat resembling the 
stipulae ; but not necessarily accompanying the 
leaves. The term, which literally signifies bits 
of chips or shavings, seems to have been employed 
by Linnaeus to denote the small and scattered scales 
that are frequently found on the steihs of vegetables, 

* Smith's Introduction, 219. f Ibid. 220. 
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originating in the bark and giving it a rough or 
chopped appearance. Hence a branch or stem 
that 18 covered with thin and dry scales or flaps is 
said to be ramentaceous, as in the case of Taniarix 
GalHca or French Tamarisk ; or^ as in that of the 
Scotch-fir {PI. III. Fig. 10.) and other Firs, pro- 
ducing their leaves in pairs, in which they accom* 
pany the stipulae in the form of small scales, ori* , 
ginating in the bark, and persisting after the leaves 
fall. 

But the term seems now to be applied to various Indefinite 
other appendages, which do not even originate in uon or 
the bark, or which are, at least, not persistent. It *® ^*"^ 
has been applied by some authors to the small and 
strap-like appendages which several of the Begonia 
bear on their leaves ; but which are scarcely per- 
haps entitled to the appellation.* It has been ap- 
plied by Willdenow to several leaf-like appendages 
which he represents as being common to all plants 
whatever, und«r one modification or another, ap- 
pearing about the time of the opening of the leaves, 
and falling, as he says, soon after.-^ It is possible, 
however, that this remark may have partly originat- 
ed in the appearance assumed by the lower scales of 
the bud which invest the shoot by the base, and 
continue attached to it, in many plants, for a con- 
siderable time after the upper scales have fallen off. 

But however this may be, the appendages at- 
tached to the young shoots of the Oak-tree, which 

t SmilVs IntrodqctioiJ, 2^7. t Princip. of Bot. p. 48. 
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he designates by the appellation of ramenta, seem 
to me to be decided stipulae, issuing not only in 
pairs from the base of the foot-stalky but being also 
quite green at their first appearance; and not 
always merely strap-shaped^ but in many cases egg- 
oblong. They soon become brown, indeed, and 
fall ; but so do many of the acknowledged stipulee, 
which are evidently deciduous, if not rather ca- 
ducous, and from which the appendages in question 
are not sufficiently distinct to justify their trans- 
ference to the head of ramenta. 



SECTION VI. 

Armature. 

Defini- The armature consists of such accessory and aux* 
iliary, parts as seem to have l)een intended by nature 
to defend the plant against the attacks of animals. 

Stings. ^ Sometimes this organ of defence \9 a sting, as in 
the case of the common Stinging Nettle {PL III. 
Fig* 11.), the sting of which is a slender and 
awl-shaped process of about one twentieth of an inch 
in length, originating in the outer rind and issuing 
generally at right angles both from the stem and 
leaf. It is acuminated into a fine point at the apex 
and dilated at the base, where it contains a secreted 
and venomous fluid which it discharges by tlie point 
when pressed ; the point, firom its extreme minute- 
ness, penetrating, at the same time, the body that 

7 
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presses it. This is the rationald of the stinging of the 
Nettle. 

In Malpighia urem the sting is spindle-shaped, 
laying parallel to the surface of the leaf and fixed to 
it by the middle^ the points being finely acuminated. 
Whether it secretes a fluid which is discharged by 
pressure, as in the sting of the Nettle, I have not 
been able to ascertain, as I have never seen it except 
in a dried state, and I do not recollect to have read 
any account of it in its vegetating state. But even 
in its dried state it is still troublesome enough to 
any one that handles it, for the points having now 
become stiff and rigid do the more readily pene- 
trate the skin and fasten upon the hand that touches 
them. 

Sometimes the organ of defence is a prickle. Prickles, 
being a stiff and sharp-pointed process issuing from 
the stem or branch and originating in the bark, 
along with which it may be entirely stripped off. 
In some plants it is straight and upright, forming ati 
acute angle with the upper part of the shoot or 
branch, as in the young shoots of the Barberry ; in 
some it is also straight but issuing at right angles to 
the shoot or branch, as in the Gooseberry ; in some 
it is said to be spiral, as in the genus Hugonia ; in 
some it is reflected, as in the genus Rosa {PL III. 
Fig. 12.) ; and in some it is forked or divided, or 
growing in sets of two, three, or more, as \n the 
Gooseberry and older branches of the Barberry. 

Sometimes the organ of defence is a thorn, being Thorns. 
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a strong and rigid process issuing from the stem or 
branch, in which case it originates in the wood 
(PI. I. Fig. 6.), or from the £x>t-stalk or expansion 
of the leaf, in which case it originates in the marginal 
or other nerves. The branches of the Sloe and 
Hawthorn afford examples of the former, and the 
leaves of the Holly-tree, Robinia Pseudacacia, and 
Aloe afibrd examples of the latter. The foot-stalka 
of Astragaltis Tragacantha, and the stipulse of 
Xanthium spinosum and the Mimosa, which are 
persistent, are finally, when indurated by age, con* 
verted into real thorns.* 
Terminal In some plants the thorn is terminal^ as in Riarn^ 
nus catharticus ; in some it is lateral^ as in. the 
Hawthorn ; in some it is simple and solitary, as in 
Celastrus buxifoHus ; in some it is forked or divided, , 
as in Arduina bispinosa (PL III. Fig. 13.); and in 
others it grows in sets of two, thee, or more together, 
as in Gleditsia. 
Diaap- I 1. It has been observed by Linnaeus and others 
cuUtra- that the thorn will sometimes disappear in conse- 
quence of cultivation . Thus Pyrus sativa, which in 
its wild state is furnished with strong thorns, is, ia 
its cultivated state, found to be wholly without 
them. But this peculiarity is incidental only to the 
thorn, and does not affect the other species of arma- 
ture, neither of which shows any tendency to dis- 
appear in consequence of cultivation. From the 
effects of culture upon the thoril in is liability to 

* Smith's Introduction, p. 224. 
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« 

disappear altogether^ one would have been apt to 
think it unfit for the purposes of specific discrimi- 
nation. But botanists have not scrupled to accept 
. of its assistance in cases of necessity, as well as of 
that of the prickle, which is indeed permanent. The 
former has been employed with success in the genus 
Prunus, and the latter in the genus Ruhus. 

2. Plants that are furnished with strong and nu- 
merous thorns, as they are well calculated, so they 
are often used, for the purpose of inclosing by quick* 
set fences. Hence the utility of the Sloe, Haw- 
thorn, Furze, and Holly*tree, forming when well 
trained a fence both durable and ornamental. In 
some species of Mimosa the thorns are so strong 
and thick set as to form a defence altogether impe- * 
netrable to the attacks of animals, except, perhaps, 
the rhinoceros ; which is the less to be wondered 
at, as his skin is not only thicker and harder than 
that of the elephant, but is even said to be mus- 
ket-shot proof. 



SECTION VII. 

Pubescence. 

The pubescence is a general term, including un-Defini- 
der it all sorts of v^etable down, or hairiness, with ^^"' 
which the surface of the plant may be covered, 
finer, or less formidable, than the armature. 

Some plants have their surface wholly smooth Micros 

tropical. 
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and do not discover any traits of pubescence, even 
when inspected with the assistance of a lens. The 
Laurel and Lilac are of this discription. Others 
have their surface apparently smooth to the naked 
eye; but when viewed through a good magnifier 
they are found to be covered with a pubescence. In 
this case the pubescence is a sort of fine and im- 
palpable down thinly scattered over the surface of 
the leaf or stem, as in Coccus japonica and Poten-^ 
tilla reptans. 
Visible to But in most plants the pubescence is discovera- 

the naked \ 

e^. ble both by the sight and touch, and in this case it 
assumes a great variety of aspects. 

Modiiica- Sometimes it assumes ' the appearance of a fine 
dust or powder shook over the surface of the plant, 
as on the under surface of the leaves of Coronilla 
glauca. Sometimes it assumes the appearance of a 
fine and silky down laying straight and unentangled^ 
and close to the surface, as in Sophora argentea and 
Potentilla ansci^ina. Sometimes it assumes a cot- 
tony or velvet-like appearance, the hairs being 
somewhat interwoven together, as in Gnaphalium 
arboreum and Althcea officinalis. Sometimes it as- 
sumes a crisp and woolly appearance, the hairs 
being much curled up and closely matted together, 
as in Origanum Dictamnus. Sometimes it consists 
bf a few and scattered, but very conspicuous hairs, 
as in Hieraciiim Pilosella (PL IIL Fig. 14.) 
Sometimes the hairs are long and shaggy, as in 
Galeopsis m/losa ; and sometimes they are stiff and 
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bristly, and issuing from small and white tubercles 
imbedded in the surface of the leaf or stem^ as in 
Lycopsis arvensis and Echium vulgare. 

In their structure the hairs are generally cylindri- 
cal; but tapering to a point, as in the Vetch and 
Ms^low; pr they are awl-shaped, as in Begonia 
nitida; or hatchet-shaped, as in thq Hop; or hooked^ 
as in Agrimony. They are also either simple, as in 
Hieracium ; or forked, as in Lavender ; or branched, 
as in the foot-stalk of the Gooseberry-leaf ; or star* 
red, as in Aiyssum ; or jointed, as in the Thistle. 

The pubescence is extremely apt to change its ap- AfTccted 
pearance from soil, exposure, or culture ; in con- jio^" ''*** 
sequence of which Linnaeus regarded it as a ridi- 
culous mark of specific distinction, except in cases of 
absolute necessity. But these cases of necessity have 
actually occurred; and Sir J. £• Smith has employed 
it with great success in the difficult task of dis- 
tinguishing the different species of Mint ; * as has 
also Dr. Roth-|- in distinguishing the different 
species oiMyosotis; which, Proteus-like, had former- 
ly eluded all sorts of attempts to subject it to the 
chains of specific discrimination, transforming itself, 
in its other features, into all possible shapes, but 
constant to none. Mr. Brown has likewise em- 
ployed it with' equal success in his elucidation of ' 
the Natural. Order of the Proteaceae of Jussieu.;}: 

* Trans, of Liun. Soc. vol. v. f Flora Germanica'. 

± Lin. Trans. Vol. X. Part 1. ^ 
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SECTION VIII. 



Anomalies. 



There are several other appendages proper Id 
conservative organs whieh are so totally different 
from all the foregoing^ that they cannot be classed 
v^rith any of them ; and so very circumscribed in 
their occurrence, that they do not yet seem to have 
been designated by any peculiar appellation. But 
as they are still well worthy of our notice from the 
very singularity they exhibit^ as well as from their 
circumscribed occurrence, I shall here present them 
in one view, under the head of anomalies. 
As occur- The first anomaly I shall now mention as afiect- 
D^onsea ing the conservative appendages, occurs in Dioncsa 
1^"*^*^" Muscipula or Venus's Fly-trap, being a flat and 
somewhat circular process issuing from the apex of 
the leaf, which is radical and somewhat battledore- 
shaped, and consisting of a midrib which is a pro* 
longation of the midrib of the leaf, and of two 
elliptical lobes strongly toothed at the margin, giving 
it a slight resemblance to a steel trap with the wings 
expanded. This singular appendage, from which 
the specific name of the plant is derived, is to 
highlyirritable that, if it is but touched with the point 
of any fine or sharp instrument, or if an insect but 
alights upon it,, the lobes immediately collapse, as if 
eager to seize their prey and detain the insect cap« 
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tive ; so that it resembles a trap, to which it has 
been compared^ not only in form but in function. 

A second is that which occurs in Sarracenia pur* in Sam- 
purea or Purple Side-saddle-flower ; the leaves of ^IJj^/"*^ 
which are cucullate^ approaching to funnel-shaped^ 
or rather pitcher-shaped reversed^ so as to be capa- 
ble of containing water; and are, besides, sur- 
mounted with a flattened concave and somewhat 
heart-shaped limb, originating in the apex or upper 
extremity of the expansion, and constituting an 
appendage that looks as if it were a secondary leaf 
growing out of the first. 

A third, which is still more singular, occurs in Nepenthet 
Nepenthes dist ilia tor ia. The leaf of this plant, Ji"^"*'*"" 
which is itself lanceolate, terminates at the summit 
in a thread-shaped pedicle ; but supports on that 
pedicle a hollow and cylindrical or rather pitcher- 
shaped appendage, to whiqh there is yet attached 
the curious and peculiar process of a lid opening at 
the one side. 

The Jast anomaly I shall now specify is that of a 
small globular and membranaceous bag, attached as 
an appendage to the roots and leaves of some of the 
Aquatics. It is confined only to a few genera, but 
is to be seen in great abundance on the roots or 
leaves of the several species of Utricularia (PL III. 
Fig- 15.) inhabiting the ponds and ditches of this 
country ; and on the leaves of Aldrovanda vescicu^ 
losa, an inhabitant of the marshes of Italy. In 
Utricularia vulgaris this appendage is pear-shaped. 
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comprisssed with an open border at the small end, 
furnished with several slender fibres originating in 
the margin^ and containing a transparent and watery 
fluids and a small bubble of air, by means of which 
it seems to acquire a buoyancy that suspends it in 
the water.* 



CHAPTER III. 



REPRODUCTIVE ORGANS. 



The reproductive organs are such parts of the 
plant as are essential to its propagation, coiTespond- 
ing in extent to the fructification of Linnaeus, which 
he has elegantly defined to be a temporary part of 
the vegetable, whose object is the reproduction of 
the species, terminating the old individual and 
beginning the new.-^ It includes the flower with 
its immediate accompaniments or peculiarities, the 
flower-stalk, receptacle, and inflorescence ; together 
with the ovary or fruit. 

SECTION L 

The Flower. 

§ 

Its defiiii- The flower, like the leaf, is a temporary part of 
the plant issuing generally from the extremity of 
the branches, but sometimes also from the root, 

* With. Arrang. ii. I^« t Phil. Bor. sec. 8^^ 
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Stem, and even leaf; being the apparatus destined by 
nature for the production of the fruit, and being 
also distinguishable for the most part by the briU 
liancy of its colouring or the sweetness of its smell. It 
has been happily styled by Pliny * the joy of plants, 
** Flos gaudium arborum ; " of which the Lily, the 
Tulip, and the Rose, are magnificent examples. 

In its mode of attachment the flower is either Mode of 

•t • A • J. A attach- 

sessile, as in Agrimony; or supported upon a meat 
Jlower-stalkj generally denominated the peduncle, 
as in Linnaa borealis. In their direction flowers 
are upright, as in Silent quinque vulnera ; or bend- pirectioD^ 
mg, as m Bidens cernua ; or nodding, as m Car- tion, and 
duus nutans; or unilateral, that is attached to one *°"^'^^°' 
side only of the stem, as in the Lily of the Valley ; 
or distichous, that is distributed in two opposite 
rows, as in many of the Grasses ; or homosestro- 
phous, that is attached to two opposite sides, but 
turning themselves about ultimately to the one side, 
as in Festuca rubra. In their insertion they are radi* 
cal, that is issuing from the root, as in the Prim- 
rose ; caulinary, that is issuing from the stem, as in 
Verbascum ; rameal, that is issuing from the 
branch, as in the Cherry ; or foliary, that is issuing 
from the leaf, as in Ruscus. If they originate in 
the extremity of the branch or stem, they are said 
to be terminal, as in the Thistle ; if in the upper 
angle formed by the leaf or branch, they are said to 
be axillary, as in Fringed Buckbean. 

^ Hist. Mund. Lib, xvi. chap. xxv. 
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But flowers, when inspected minutely and indi- 
vidually, are obviously divisible into several different 
and distinct parts. Perfect flowers consist generally 
of the four following : the calyx, the corolla, the 
stamens, and the pistil, which shall form the sub-> 
ject of the four following subsections. 



SUBSECTION I. 

Dc6ni. The Calyx. — The calyx is the exterior envelope 
**^'*- of the flower, encompassing and protecting the in, 
tcrior parts. It may be perceived very distinctly in a 
rose not yet fully blown. It does not however, uni- 
versally and of necessity, form a constituent part of 
the flower; for in some flowers, as in the Tulip, it is 
altogether wanting. But in the flowers of perfect 
plants it is very generally present, in its application 
to which Linnaeus regarded it as consisting of thb 
five following species : the perianth, the amentum, 
the spathe, the involucrum, the glume. But this 
division does not upon minute inspection turn out 
to be very correct. For of all the species here 
enumerated the perianth and glume seem alone en- 
titled to the appellation of calyx. The involucre 
and spathe are more nearly allied to leaves than to 
the calyx ; and the ament, though it contains a 
calyx which is generally distinguished by the ap- 
pellation of the scale, is not yet itself a calyx. 
The division of Linnaeus therefore will not be 
f^dopted^ but the parts designated by the different 
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names will be introduced in their proper places^ 
and the calyx of perfect plants discriminated into 
the three following species: the perianth^ theSpecief. 
glume, and the scale. 

Article 1 . Tlie Perianth. — ^The perianth, which 
1% by far the most common species of calyx, and 
like the leaf very generally green, invests the flower 
immediately, so as to constitute a part of it, and 
to form a sort of circular integument slightly re- 
sembling a cup. From this resemblance it is fre- 
quently, and sometimes also accurately enough, de- 
nominated the flower cup, as may be exaniplified 
in the case of the Acorn, the perianth of which 
constitutes a perfect cup. 

The perianth, or cup investing the flower, is 
either proper or common. It is proper if it con- 
stitutes with the contained parts only a single 
flower, as in Primula {PI. IV. Fig. 1.), and 
common if with the contained parts it consti- 
tutes more than a single flower, as in Tragopogon. 
(PI. IV. Fig. 2.) 

The proper perianth or cal3rx consists either of Proper, 
one individual piece, as in the Primrose; or of 
several distinct pieces, as in the genus Rumes. If 
it consists of a single piece it is said to be mono- 
phyllous ; and if of more than a single piece it is 
said to be diphyllous, triphyllus, or tetraphyllous, 
according to the number of distinct pieces of which 
it may happen to consist. ' 
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Mono- The moDophyllous calyx, which is exemplified 

V y oriB, in the Primrose, is generally regarded as consisting 
of three parts — the tube, the mouth, and the 
border. The tube is the lower and somewhat cy- 
lindrical part; the mouth is tlie upper extremity 
of the tube ; and the border is the part which ex- 
tends beyond the mouth of the tube, sometimes 
entire, as in Matthiola scabra^ and sometimes di- 
vided into segments, in which case it is in sQme 
species cleft down to the middle, as in the Rose ; 
in others it is cleft down almost to the base, as in 
the Lime-tree ; and in others it is divided into an 
under and upper segment, suggesting the idea of 
lips, and characterized by the term labiate, as in 
the genus Thymus. 
Polyphyl- The proper and polyphyllous calyx is either 
single or double. It is single if it consists of only 
one set of distinct pieces, as in the genus Linum ; 
double if it consists of two distinct sets, the one 
enveloping the other, as in the Common Mallow. 

In some plants the proper calyx is thin and ' 
membranaceous, as in Convolvulus sepium ; in 
others i^ is thick and 0eshy, as in the Rose. Its 
figure is cylindrical, as in the Pink ; or prisms- 
shaped, as in Pulmonaria ; or bell shaped as in 
Convolvulus; or pitcher-shaped, as in the Rose; 
or it is inflated, being merely distended in the 
middle, but contracted at the extremities, as iq 
the genus Siknc or Catch-fly, 
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It 18 said to Jbe shut if the segments are applie4 
close to the flower, as in the genus Cheiranthus ; 
or spreading, if the segments expand towards the 
point, as in the Raspberry; or reflected if the 
s^ments are bent back at the point, as in Ranun- 
culus bulbosus* 

If it falls before the other parts of the flower it , 
is said to be caducous, as in the Poppy ; if it falU 
with the other parts of the flower it is said to be de* 
ciduous, as in the Lime-tree; and if it remains after 
the other parts of the flower fall, it is said, to b? 
permanent, as in St. John's Wort. 

In its attachment the calyx is adherent, that is AdhereDt 
* closely investing the ovary by the lower part, but ^ ^^^ * 
surmounting it by the border, as in Enchanter's 
Nightshade ; or it is half adherent, investing part 
of the ovary, as in Clustered Alpine Saxifrage ; or 
it is detached, that is including the ovary, but not 
adhering to it, as in the Primrose. 

The adherent and detached calyx are also de- 
signated by the terms superior and inferior calyx. 
But according to M. Ventenat, the calyx always 
originates beneath the ovary, and when it is thought 
to originate above it, or to be superior, it is only 
because the lower part adheres so closely to the 
fruit as to be scarely distinguishable from it.* 

The common perianth or calyx is either mono- Common. 

* Tab. du Beg. Veget. 
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pbyllous, th^t is consisting of one piece divided 
into several segments which are united at the base^ 
or it is polyphyllous, that is consisting of several 
distinct pieces, as in Goat's-beard. It is also either 
simple, that is polyphyllous with the pieces ar- 
ranged in one circular row, as in Goat's-beard; or 
double, that is being itself enclosed in a secondary 
calyx, as in Ox-tongue. It is scaly, that is con- 
sisting of a number of closely imbricated scales, 
as in the Thistle ; or calyculate, that is imbricated 
with a circi^Iar row of scales, at the base resembling 
an exterior calyx, as in Wild Succory ; or squarrose, 
that is having the scales reflected at the points^ as 
in Arctium ; or fringed, that is having the margin 
of the scales set with short bristles of equal length, 
as in Black Knapweed; or muricated, that is 
having the margin of the scales set with sharp 
prickles, as in Rough Hawk*s-beard ; or thorny, 
that is having the scales furnished with thorns, as 
in Common Star Thistle. It is spherical, as in 
Burdock; or hemispherical, as in the Daisy; or 
egg-shaped, as in Achillea; or oblong, as in 
Hemp-agrimony. 
Defini- ARTICLE 2. The Glumc. — ^The glume is a chaffy 
and membranaceous substance accompanying the 
flowers of Grasses, and constituting their calyx, 
but not so formed as to constitute a cup. Some- 
times it consists of one piece only, and sometimes 
of two distinct pieces called valves. If it consists 
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of one piece only, as in Lolium, it is said to be 
one-valved (PL IV. Fig. S.) ; and if of two pieces, 
as in Avena, and most other Grasses, it is said to 
be two-valved {PI. IV. Fig. 4.). The figure of 
the valves is oval, as in Scirptts maritimiis ; or 
lanceolate, as in Poa casta; or concave, as in Briza; 
or keeled, that is having a pronninent and longi- 
tudinal ridge on the under side, as in Cynosurus 
Crist at us ; or blunt, as in Hriza minor ; or acu- 
minate, as in Poa nemoralis ; or fringed, as in 
Festuca rubra. The surface is smooth, as in 
Festuca ovina ; or rough, as in Cytiosuriis echi- 
natus ; or streaked, as in Poa minor; or nerved, 
as in Bromus arvensis ; or coloured, that is of any 
colour but gre^*n, as in Mdica. It is either one- 
flowered, as in Agrostis ; or two-flowered,, as in 
Aira ; or three-flowered, as in Sesleria ; or many- 
flowered as in Bromus ; Mxid is consequently like 
the perianth either proper or common. 

Article 3. The Scale^ — ^The scale is a thin,DefinU 
chafly and membranaceous substance, though some- ^*'*°* 
times also tough and leathery, forming part of 
the fructiflcatioQ of a variety of plants producing 
incomplete flowers, and constituting their calyx. 
It may be exemplified in the aggregate flowers of 
the Willow and Fir, in the former .of which it is 
a proper calyx, each scale including an individual 
flower ; and in the latter, a common calyx, each 
scale including more than an individual flower. 

The figure of the vcale is either circular^ as in lu fjgore. 
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Salis herbacea {PI. IV. Fig. 5.) ; or ovate, as in 
Salix acuminata ; or lanceolate, as in Saliv sphor 
celata; or linear, as in Salis Russeliana. It is 
' also either entire, as in the Fir ; or fringed, as in 
Salij: herbacea ; or emarginate, as in Salix pctio* 
laris; or cleft, a^ in Betula nana. {PL IV. Fig. 6.) 
Its surface is smooth, as in Sali.v amygdalinfl ; ot 
pubescent, as in the Hazel ; or silky, as in Salix 
argentea; or hairy, as in Salix purpurea. It is 
deciduous if it falls with the flower, as in Betula 
alba ; and permanent if it adheres to the fruit, as 
in the Fig. 
Respect- ARTICLE 4. General Remarks. — As the conser- 
J?^^^^"^^ vative organs have been found to furnish marks 
tcrs. proper for the discrimination of species ; so the 
reproductive organs, or their parts, have been found 
to furnish marks proper for the discrimination of 
genera. This peculiar aptitude of the reproductive 
organs had been discerned, obscurely at least, even 
by the earlier systematic Botanists ; but was flrst 
distinctly perceived and pointed out by the illus- 
trious Tournefort, who formed many of his genera 
on the parts of the fructification, availing himself 
of the aid of the conservative organs, only in what 
he conceived to be cases of necessity. But Lin- 
naeus, from whose profound investigations, and ex- 
tensive as well as accurate views, botany was de- 
stined to derive still farther improvement, regarded 
the reproductive organs as constituting exclusively 
the only sure and legitimate, ground of generic dis^ 
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crimination^ and demonstrated their sufficiency in 
all cases whatever^ and hence the peculiarities of 
the calyx^ when present^ are often of eminent use 
10 the determination of genera. 



8UBS£CnON II. 

Tht Corolla. — ^The corolla is the interior en-Defini- 
Yelope of the flower, investing the central parts, 
but invested by the calyic. It is generally of a 
finer and much more delicate texture than the 
calyx, and is of all the parts of the fructification 
the most showy and ornamental, being always, 
or with but few exceptions, that which is the 
most highly coloured, and hence vulgarly re* 
garded as alone constituting the flower, as well 
as that from which the flower imparts its rich 
and fragrant perfume, delighting at the same time 
both the sight and smell. To this most ele- 
gant part of the fructification the term corolla has 
been very happily applied by Linnaeus, signifying 
as it does in the original, a crown or chaplet of 
flowers. 

If in the composition of the flower, an indivi* 
dual calyx invests an individual corolla, as in the 
Cowslip or Convolvulus, the flower is said to be 
simple. But if an individual calyx invests an as- 
semblage of individual corollas,. as in tlie Daisy 
and Dandelion, the flower is then said to be com** 
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pounds and the . corollas contained in the calyx are 
generally denominated florets. 
Modified- Like the calyx the corolla consists either of a 
^^"*' single piece, as in Campanula (PL IV. Fig. 7.) ; 
or of several distinct pieces, caHed petals, as in 
Galanihu^. {PL IV. Fig* 8.) If it consists in a 
single piece, it is said to be monapetalous ; if of 
more than one piece, it is said to be dipetalous, 
tripetaious, or polypetalous, according to the 
number of distinct pieces. It is to be remarked 
however^ that in the husk-like corolla of the 
grasses, as in their husk-like calyx^ the petals are 
denominated valves^ which differ from those of 
the calyx only in their being proper to a single 
flower, or in their immediately investing the 
ovary. 
Monopc- The monopetalous corolla, like the monophyllous 
ulouf* calyx, is divided also into three parts — the tube, 
the mouth, and the border. I'he tube is upright 
and cylindrical, as in the Periwinkle and Prim- 
rose ; or it is bent and crooked, as in Lycopsis ar^ 
xemis ; or inflated, as in Orobanche ramosa; (fv 
appendicled, that is furnished with leaf-like ap- 
pendages, ^s in Cuscuta europcea. The mouth is 
frequently beset ^ith fine hairs, or small project- 
ing scales, in which case it is said to be shut, as in 
Cynoglossum officinale; or it is entirely without 
hairs or scales, in which case it is said to be open 
or naked, as in Eckium vulgare. The border is 
ercct^ or rather concave, as in the Cowslip ; or it is 
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flat and expanding, as in the Primrose; or it is 
twisted^ as in the Periwinkle ; or cleft, as in Ana^ 
gallis. If the segments into which the border is 
cleft are equal, the corolla is said to be regular, as 
in Solanum tuberosum; and if they are unequal, 
it is said to be irregular, as in Echium vulgare. 
The irregular border is sometimes divided into two 
principal parts called lips, as was the case also in 
the calyx, giving origin to the denomination c^ 
Labiate flowers. The upper lip is again oftentimes 
subdivided into two smaller segments, and the 
under lip into three, as in Verbena officinalis. 

Such is the character of the several parts of the 
monopetalous corolla taken in detail ; but botanists 
have found it necessary to attend also to the general 
outline of the whole, as constituting one indi- 
vidual organ. The following are the most frequent 
forms. 

The regular monopetalous corolla is tubular, but Regular. 
somewhat dilated at the orifice, as in many of the 
Heaths ; or bell-shaped^ as in Campanula ; or glo- 
bular, as' in the Arbutus ; or club*shaped, as in 
Erica tubijlora; or funnel-shaped, as in PulmO" 
naria ; or cup-shaped, as in Simphytum officinale ; 
or salver-shaped, as in Hottonia ; or wheel-shaped, 
as in Anagallis. 

The irregula^ monopetalous corolla is difibrm, IrregaUr. 
that is tubular, but expanding towards the summit, 
and divided into several unequal segments, as in 
Bluebottle ; or semiflosculous, that is tubular at 
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the base^ but terminating in a strap-shaped border^ 
as ill the florets of the Dandelion and many of the 
compound flowers ; or labiate^ that is divided into 
segments resembling lips, as in Woundwort and 
Wood Betony ; or ringent^ that is labiate^ and ex- 
hibiting a slight resemblance to the open mouth of 
an animal, as iii common SkulKcap; <lr personate^ 
that is ringent in form^ but having the mouth shut^ 
as in Snap-dragon. 
Polypeta- The individual petals of the polypetalous corolla 
are, like the monopetalous corolla itself, divisible into 
distinct parts ; which in the present case are, how- 
ever, only two — the claw and the border. The 
claw is the lower portion of the petal ; the border 
is the upper portion. In some petals the claw is 
extremely short, serving merely as a point of at- 
tachment to the receptacle, as in the Rose ; in others 
it is long and conspicuous, as in the Pink. The 
border is upright, as in Arabis stricta ; or expand- 
ing, as in Silent nutans ; or horizontal, as in Arabis 
hispida. The petals are also equal or unequal in 
their size or shape, constituting, like the segments of 
the monopetalous corolla, regular and irregular 
flowers. 

Sometimes a tetrapetalous corolla has its petals so 
disposed as to exhibit a slight resemblance to a cross 
(P/. IV. jPV^. 9.), in which case the flower is said 
to be cruciform; and may be exemplified in the 
Stock or Wall-flower. Sometimes the petals of a 
tetrapetalous corolla are irregular, and disposed so 
6 
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9$ to exbibit § sligbt resemblanoe to A butterfly^ 
in wbiob owe the ^owar is a^id to be papil]on9o&* 
oli8^ and is ezwaplified in the Pea and Bean (P/. IV. 
J^. 10.) ; the petali <^ which, and of all similar 
flowers, are so peculiar in their fwrn or position ^$ 
to have veoeived distinct aj^Uatioas. The upgnes 
petalj which is generally large with an ^rect border^ 
is denoatiinated the Hatidardp The lower petal> 
which is situated opposite to the standard^ and hoi* 
lowed oat ip the form of a boat, is denominated the 
kccL And the two remaining petals^ which ar^ 
aitnated w an opposite position^ one on each side of 
the k6^> are d^ominated the miig9. 

If the e(m>lla is inserted in the reoqxtade^ that is Imsxtf^ 
undevnwtb the orary, ps in Conwlvulus, it is s^d 
to be H]f-pQg^mm ; if it is inserted in the cidyZ| of 
integuoi^iit awroimdiog the ovary, as in the genuy 
MibcM and mwy others, it is said to be F^rigy^ 
tmu$ ^ aiad if it is inierted upon the ovi^ry, as ini th^ 
genus ScabioM^ it is said to be Epigyno^s. 

If it is longer than the calyx it is said to be larg^ * 
jis in Canvfiiwius septum ; if it is shorter than the 
calyx it is said to be ^mall, as in Fragraria vesca ; . 
Mid if it is of the sftme hngth with the calyx it 
i§ md to b^ of a modei»to si^oe^ as in Fragrmrin 
tterUis. 

If the corolla fidls before the stamina, or organ^ 
which it immediately invests, it is said to b^ 
eadiicous or fiigacioys, as in Cisiui kdifolius; if it 
&U8 with the staitana it is m^Jfi be deciduous^ as 
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in St. John's- wort ; and if it remains after the 
stamina have fallen, it is said to be permanent or 
persistent, as in the Star of Bethlehem. 

The colour of the corolla is in some flowers a 
beaotiful white^ as in the elegant blossoms of the 
Guelder Rose and Magnolia ; in some it is red, as 
in many of the Roses ; in some it is yellow, as in 
Caltha palustris ; in some it is blue^ as in German* 
der Speedwell ; in some it is violet, ad in common 
Nightshade ; and in some it is purple, as in Fox- 
glove. 
How dtt- The corolla, like the calyx, is not at all absolutely 
from the essential to the botanical notion of a flower, and is ac- 
•*^' cordingly sometimes wanting. When present, how- 
ever, it affords also, like the calyx, the most unexcep- 
tionable marks of generic discrimination^ arising 
either from the modeof its insertion,or from the pecu* 
iiarities of its flgure, or from its character, as consist- 
ing of one or more petals. If the calyx and corolla 
(the exterior and interior envelopes of the flower) are 
both present, the flower is said to be complete, 
and the distinction between the two envelopes is 
obvious. 

But if one envelope only is present, as in the 
Tulip and liliaceous plants in general, and the other 
altogether wanting, the flower is then said to be in* 
complete ; and a question naturally arises with re- 
gard to the true character of this solitary envelope : 
Is it a calyx or corolla ? The solution of this ques- 
ti(»i has been the subject of a great deal of botanical 
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doubt ai[id:di<cus8ioo^ without having produced any 
rule of distinction that can be regarded as altogether 
satisfactory or as applicable to all existing cases* 
The truth is^ that nature has not distinguished th^e 
organs in question by any very obvious or decisive 
limits. The one is^ indeed, generally green and 
the other generally coloured. But to this rule there 
are a good many exceptions. The calyx of 
Daphne Laureola is yellow^ and the corolla green* 
The calyx of Fuschia coccinea is of a bright scarlet^ 
the corolla indigo. The calyx and corolla of Daphne 
Meter earn are not only both coloured, but are even 
united at the margin so as to form but one piece* 
What then is the essential character by which each 
is to be discriminated, and by which we are to be 
guided in the case of the absence of either ? 

If one envelope only is present, some have thought By lUy. 
that it must of necessity be the calyx, because that 
is the primary part ; and others have thought that 
it must of neeessity be the corolla, because that part 
is the more noble. But these distinctions are 
altogether ianciful, and without any foundation in 
the arrangements of nature. Another rule of dis^- 
tinction suggested by Ray * was, that the corolla is 
deciduous and the calyx permanent ; and the rule 
is, no doubt, of pretty general application, bot is 
loaded with by far too many exceptions to be a good 
one. In the Poppy the calyx falls before the bios* 
som, and in the Hyacinth and Star of Bethlehem the 

^ Hist. Plant. lib. i. cbap. x« 
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corolla IS persistent. An attempt was made to 
strengthen the rule by adding Ihat the petals of the 
corolla *re thinner and moi« delicate than the divi** 
sions of the calyx. Bat althoi]^ this is also very 
generally the case, the laet is occasionally quite thia 
reverse, as is evident from several of the preceding 
Examples, in which the calyx has more the ap* 
pearanoe of a corolla than the corolla itself; as weH 
as from the single envelope of the genus Pofygotmm 
9tkd some others, which seems to particnpate partly 
of the nature of calyx add partly of the nature of eo« 
rolla; the divisions being green and fleshy ^rougfaout 
the great part of their extent, but thin and finely 
coloured on the margin. 
By Lin- It had been an opinion of Caesalpinus that the 
calyx is merely a continuation of the oirter bark of 
the plant or flower*staIk ; and upon this foundation 
Linneeus establishes a test apparently sufficient to 
distinguish the calyx from the corolla in nil doubt* 
Ful cases. For, improving upon the notion of 
Csesatpinus, he apprehended thsft as the calyx is a 
continuation of the outer hark of -the pflant or 
ilower-stalk, so the cordta is a continuation cf the 
inner bark. ;^nd hence, if of these two organs one 
only is present, you have bat to ascertain in what 
'part of the bark it originates, in order to say which 
it is. This snmmary and decisive test looses indeed 
Tery beautihil in theory ; but the observations of the 
acute and sagacious Hedwig have "shown that it is 
not founded in fact. 
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Indeed it canmvt be tnie that the ^molh h a cop* 
tinoation of the liber or ini^r Wk^ in cases in 
«hieb it is insetted ia the ealyx^ if it he true that 
the calyx is itself a oontinoatipo of the outer bark; 
aa the rule implies. And if the corolla that is in- 
eerted in the csslyx is not a contiouation of the 
inner bark, of what thm is it a cx>ntinaation ? Of 
the calyx evidently, whidi is, by hypothesis^ a coii* 
tinuation of the outer bat k* Bat if an aduiQW- 
ledged corolla may, like an acknowledged calyx, 
originate in the outer bark^ then I cannot tell 
whether the single envel^e is to be called caljrx or 
Qonolla, evea though it sbo^^kl so ^rigina^. The 
rule, is eoosequently good for notbiDg. 

JLinnsens ilces not indeed impose it as a rale of 
pnietice, being furaisbed with what he might, per- 
hapst regard as a better ; thougjb the distinction is 
bodi dearly and confidently stated in bis worlu* 
But it has been since adopted, with all its imperfec- 
tiona upon its lifad, as the grand test of discrimina- 
tion in this doubtful case, evm by the celebrated 
Jussiea himself, the first botanist of the present 
1^. In cbosequence of the adoption of this 
opinion, Juasieu has beeo led to regard as a calyx 
the beantiiul blossodi of the Tulip wd other liliace- 
ous plants, which has been, by the common consent 
of almost all other botanies whatever, R^rded aa 
a eofoUa. 

« 

In ionder to get rid of the difficnlty, some holanista 

* Phil« But. KCU 8fi, . 



•  • 

• • • • 



• • • 



lOa RBPMDUCTTVB 0RGAK8, CItAf. ITt. 

have adopted* the plan of designating the organis in 
question merely by the general appellation of 
Ptrigyndndra^* or Ptrigonium^^ signifying by 
such appellation the covering of the stamens and 
pestils, or central organs of the flower; and de- 
scribing the envelope as single, if of the organs 
designated by the terms calyx and corolla one only 
is present; and as double, that is famished with 
an outer and inner envelope, if both oi^tis are 
present. 

But owing to the very obvious marks of distim;- 
tion existing between the calyx and corolla in the 
flowers of most plants, as well as to their perform* 
ing functions perhaps altogether diflerent in the 
vegetable economy, the mode of including both 
"under one general appellation is not nearly so satis- 
factory as that of designating each by a proper 
name, and does not seem to have met with much 
approbation. 
By Ven- Ventenat has suggested a rule founded upon the 
internal structure of the calyx and corolla ; and 
Linnaeus has founded bis main rule upon the 
relative situation of the stamens of that of the 
'calyx and corolla ; but as an examination of the 
- merits of these rules would be premature in the 
present section, depending as they do on parts not 
yet described, and with which the reader is supposed 
(o be not yet acquainted, I shall only observe tliat 
* ^bey are liable to the same objections with the rules 

1^ Neckar. \ Hcdwig, 
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already stated ; so that our best guide, after all that 
has been said on the subject, is, perhaps, that of 
analogy, which we are often obliged to content our* 
selves wit)i in cases even of greater importance. 
Thus the flower of the Poppy has both envelopes, 
.the calyx and corolla. The flower of the Tulip has 
but one. Which of them is it ? But the part that 
is present in the Tulip resembles the corolla of the 
Poppy, more than it does the calyx. The conclur 
sion therefore must be that it is a ooroUa. And if 
there are cases in which the single envelope seems 
to partake of the nature both of corolla and calyx, 
there is no inconsistency whatever in supposing theni 
combined in one. 

, After all there arc cases in which even the rule of 
analogy will not enable us to decide the question. 
I may exemplify that of the White Lily, in which 
the single envelope is at first perfectly green, and 
similar by analogy to a calyx ; although it changes 
afterwards to a beautiful white and assumes the ap- 
.pearance of a corolla. Hence the opinion of Jussieu 
is not so unreasonable as it has been thought to be, 
countenanced as it is by the above fact, or by si mi* 
lar facts, as also by the sanction of botanists pecu- 
liarly well qualified to judge of its merits.* His 
definition of the calyx *)? and cprqllii has indeed 
been strongly reprobated by Afr. Salisbury,:}; a bo« 
tanist well known for bis aquteness pf argument and 

* Brown on Protetcese. Lin. Trans.- v^I, z. pr. i. 

t Gpn. Plant. ?rxf. J Un. Tran«. vol. tUU 
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teHihA, mA oeruinly it canMt be defihided in its 
fill! extent^ But the definition that Mr, Salisbury 
has substituted in its place is itself equally faulty^ 
Und is as complete a petitio prindpii as ever wai 
^ade ; a proposition not duly sanctioned by &ct8 
being first laid down as a rule, and then ail enve« 
lopes reduced to it as ail infiillible standard, like the 
bodies of the unwary travellers to the iron bed of 
Frocmstes. The caly^, says Mr, Salisbury, is the 
Mtemal envelope of the flower, similar to^the plaDt, 
ibr the most part, in colour and snbstance, inserted 
in the torus (receptacle) and always distinct from 
the stamens. But this is the assumit)g of the very 
point in qpestion^for Jussieu has said that the stament 
puy be inserted in the calyx* and it will appear in 
fhe sequel that they are occasionally so inserted. 
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Oefini- Thi Stamiis. — ^The stamens ara lubBtaneei of a 
very slender fabric and of a thread^htped figure, sur* 
mounted with a sitiall bag or piscui^ and situate iifik 
mediately within the cofoHi^, to which they aiteaom^ 
times even attached by the inner sqrfkoe. A very good 
muimple of them may be seen by opening up the 
blossoip of a Tulip or a Lily, (P/. IV. Ftg. ll.) 
lliey are apparently of t\o importlince to tile valg%r 
observer, but are essentifil to the botanioal notion of 
^ flower, because indispensable to the formation ci 
iperfdpt fmU Th» calyx is some<ltiiM Wfmting, «a 
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m CaUkficke ; and fbe ootxrfla somctiaies wanting^ 
as in H^uris ; or the caljrx and corolla are both 
wantiDgy as in Chara ; but the stamens are never 
wanting, except from adventitious or accidental 



Some flowers are furnished with only one stamen^ Nomln; 
as in the genus Hippuris ; others are furnished with 
two stamens, as in VerMiea ; others with three, as 

r 

in the Grasses ; and so on ui arithmetical progres* 
sion till you reach the number ten or twelve ; after 
which their number is generally found to be indefi^ 
nite, amountiog, however, in some cases to upwards 
of a thousand. On the number of the stamens 
Linnseus has founded the first twelve classes of bis ar* 
ttficial method ; so tiiat if any flower is furnished with 
duly one stamen it is to be referred to the first 
class ; if with two stamens to the second class ; if 
with three to the third class, and so on in succes- 
sion. The remaining classes are founded on other 
peculiarities. 

^ But, perhaps, thei^ is no peculiarity of the insenioii. 
stamens of more essential importance to the botanist 
than that of the mode of their insertion ; affording, 
M it does, one of the most approved characters in 
the discriminating and establishing of genera, and 
particularly in the investigation of natural affinities. 
The following are the diflerent modes of insertion 
as specified by botanists. If the stamens are in- 
serted in the receptacle, as in the gemis Ranunculus, 
their insertion is said to be Bypogynous; if in Uie 
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aod structure from the petals, exhibit bowifcver 
strong indications of being nearly allied to them, 
and seem in some cases, as in the flower of Nym- 
phdBa alba, to run mutually into one another, the 
inner petals being partly stamen, or the outer 
stamens being partly petals. But in many flowers, 
particularly the polypetalou^ the stamens are entirely 
convertible into distinct petals, and are often so 
converted either in part or in whole. In the Ibrmer 
case the flower is said to be double ; in the latter 
case it is said to be full. But this singular Qonver- 
sion of stamens into petals is regarded by the phy« 
tologist as being altogether an aberration from the 
l^ws of vegetable economy, . and is found to occur 
but seldom^ except in consequence of culture. The 
Anemone, Ranunculus^ and Rose, when cultivated 
in our gardens, afibrd examples of the flowers of this 
description. They are more showy indeed and 
more generally admired than the flower in ita natnral 
state, and are consequently the object of the 
peculiar care of the florist ; but they are regarded by 
the botanist as being only vegetable monsters. 
DivitioQ Such is the general character of^ the stamens con- 
sidered as individual organs ; but from the definition 
of them that has been already given they are eh- 
▼iously divisible into two distinct parts^-^the thread- 
shaped or lower portion, and the bag or viscUs by 
which it is surmounted. The former is by botanists 
denominated the ^lament, the latter is denominated 
the Anther ; of which two parts the anther only 



into fila- 
meoU. 
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18 essential to the fructification s the stamen being 
capable of performing its functions without a flla* 
ment^ but never without an anther. Itie consequence 
is, that many stamens are destitute df the filament 
altogether, as in the genus Ariitolochia. But wher6 
the filament is present, though the thread-shaped 
figure is the most general, as in Plantain^ yet it is 
by no means universal. For in some stamens the 
filament is bristle-shaped, as in Ptspwoer ; in some it 
is flat and spear-shaped, as in Omithogalum urn-- 
hellatum ; in some it is awl-shaped, as in Allium 
elcraceum ; in some it is club-shaped, that is " 
thickening towards the summit; in some it is petal- 
oid, that is expanding like a petal, as in Nymphaa 
alba ; m some it is wedge-shaped, that is petaloid 
at the summit but tapering towards die base, as in 
Lotus tetragonolobw ; in some it is heart-shaped^ 
that is petaloid and notched at the summit but 
tapering towards the base, as in the genus Maher^ 
nia ; in some it is branched, as in CaroUnea 
princ^ ; in some it is jointed, as in genus Salvia ; 
in some it is cuspidated, that is having the summit 
divided into several stiff joints, as in Sand Garlick; 
and in some it is without an anther, as in Gra- 
dolus. 

In its direction it is upright, as in Sambucus 
Ebulus ; or expanding, as in Ranunculus ; or in<- 
fleeted, as in the labiate flowers ; or reflected, as 
fn Uriica pilulifera; or spiral, as in the genus 



In most flowers the filaments are distinct and 
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detached from ode another, as in the Primrose ; but 
sometimes they are united into one, two, or more 
sets. If they are united into one set, as in the Mal- 
low, the flower is said to be Monadelphous ; if they 
are united into two sets, as in the Pea, the flower is 
said to be Diadelphous ; and if they are divided 
into several sets, as in St. JohnVwort, the flower is 
said to be Polyadelphous. 

In most stamens the surface of the filament is 
smooth, as in Anthericum serotinum; but in some it 
is pubescent, as in Orobanche elatior ; in some it is 
villose, as in Narthedum ossijragum; and in some 
it is bearded, that is partially covered with hairs, as 
in Tulipa sylvestris. 

The colour of the filament is generally white, as 
in the Convolvulus; but in the Peach-tree it is 
8{>otted, and in the Medlar-tree it is red. In some 
stamens the filaments are elastic, that is unbendmg 
themselves with a considerable force as the corolla 
expands, as in the genus Urtica ; and in some they 
tire susceptible to the action of stimuli, as in those 
of the Barberry, which if touched with the point 
of a needle or other fine instrument on the inner 
side and near the base, will spring forward im- 
mediately with a sudden jerk to the centre of the 
flower.* Such are some of the most remarkable of 
the peculiarities of the filament or lower part of the 
stamen. * . 
Anrfan- The authfsr or summit, and only essential part of 
the stamen, is a small bag or vessel containing a fine 

* SBiith*« Tracts. 
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powder^ which when ripe bursts its integuments and 
explodesw In the stamens of most flowers there is aa 
individual anther attached to each individual filament^ 
as in the stamens of the Grasses ; but in the stamens 
of the flowers of the genus Mercurialise there are two 
anthers to a filament, which are hence said to be 
didymous ; in Famariu there are three anthers to a 
filament ; in Thcobroma there are five ; and in 
Bryonia there are five anthers tothree filaments. 
In their attachment they are generally fixed to the 
upper extremity of the filament^ in which case th^y 
are said to be terminal, as in the Tuiip^tree; or 
they are fixed to the one side of the filament, in 
which case they are said to be lateral, as in the 
Herb Paris; or they are altogether without filar 
ments, and then they are said to be sessile, as in the 
genus Aristolochia. The direction of the anther 
is vertical, that is parallel to the axis of the flower, as 
in the Tulip ; or oblique, that is forming an obliqut 
angle with the axis, as in the Honey*suckle ; or in- 
cumbent, that is attached to the summit of the 
£lament by the middle, and resting upon it horizon- 
tally, as in the Pink ; or versatile, that is incum* 
bent, but turning as if upon a pivot so as to be put 
in motion by the gentlest agitation of the air, as ij^ 
the Grasses. If the anthers are situated so as to 
•approach each other, as in the Cyclamen, they are 
said to be convergent ; if they are connected to^ 
gether by the viscidity or pubescence of their sur- 
fiice^ as in Utricularia, they are said to be adherent ; 
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particle consisti'Bg bf a thin and membranous ba^ 
capable of resisting the action of the air, but ex- 
• tremely susceptible to the action of moisture, which 
as soon as it meets with, it explodes, like the an- 
ther itself, discharging a fine and subtile vapour, 
or a sort of fluid in which there are contained glo- 
bules still smaller. The dischai^e of the primitive 
globules may be seen by placing an anther of the 
Equisetum upon a bit of paper, and watching it 
till it bursts ; when it will often afford a very cu^ 
rious and singular spectacle ; the globules after 
having made their escape seeming to be still in 
agitation, attracting and repelling one another, and 
rebounding as if endowed with a peculiar irrita- 

' bility . The discharge of the secondary globules 

is discoverable particularly in the pollen of the 
Valerian; and the experiment is best made by 
placing the anthers on water.* 

IHirts. Gaertncr describes the globules of pollen as con* 

sisting of the following parts: — 1st, An external 
cuticle, sometimes smooth, and ^metimes set with 
hairs, 'idly, A cellular substance, adiy, A pa* 
renchyma contained in the cells, and seemingly a 
rude and unorganized mass of granular matter* 
The globules, if put into water, swell and burst ; 
first the cuticle, then the interior cells, and then 
the parenirhyma, exploding and emitting a subtile 
and elastic vapour, or sort of fovilla which swims 

' *' riivs. dis Arbresy Li v. iii. chap. K 
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on the surface. But this phenomenon does not 
take place in oil. 

Hedwig describes the globules of pollen as con- 
sisting of only one vascular membrane filled with 
a gelatinous fluid, but without any cellular sub- 
stance interspersed. The globule explodes instan-^ 
taneously when placed in warm water. 

Koelreuter describes each globule as consisting 
of two distinct membranes, an outer and an inner 
membrane, containing a cellular mass, from which a 
thin oily and inflammable fluid slowly exudes when 
placed in water, forming a shining and conspicuous 
pellicle that floats on the surface. 

It IS plain that the above descriptions have beoni 
taken from the pollen of difierent species of plants; 
as they are too much at variance with one another 
to agree to the same species ; but from the known 
accuracy of the observers it is to be believed they 
are respectively correct. The sudden explosion of 
the globules is the more common phenomenon. 
But there may also be some globules that exhibit 
the phenomenon described by Koelreuter. For 
in the Contart€e and some of the Orchide(B the 
anthers are altogether a solid and homogeneous 
mass, and do not burat open like anthers in 
general, but gradually extricate an oily and 
inflammable fluids as it is elaborated within 
them.* 

• Gaert latrod. 
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SUBSECTION IV. 

Dcfini- The Pistil — ^The pistil is a small and column- 
*'^°' shaped but often pestle-shaped substance (whence 
probably the name), occupying almost invariably the 
centre of the flower, and encompassed immediately 
by the stamens, {PL IV. Fig. 11.) This is at least 
the case in all hermaphrodite plants, by which are 
meant all plants producing both stamens and pistils 
in the same flower, as may be exemplified in that 
of the Lily,, in which an individual pistil, occupy- 
ing the centre, is surrounded by six stamens. But 
it often happens that the stamens and pistils are 
not produced in the same flower, but each in a 
different flower ; and of this there are three cases. 
1st. When the stamens and pistils are produced in 
different flowers on the same plants in which case 
the plant is said to be Moncecious; the flower con- 
taining stamens only being the barren flower, and 
the flower containing pistils only being the fertile 
flower. 2-dly. When the stamens and pistils are 
produced in different flowers, and on different 
plants, in which case the plants are said to be 
Diceciotis; the plant bearing flowers with stamens 
only being barren, and the plant bearing flowers 
with pistils only being fertile. And 3dly. When 
hermaphrodite flowers, and flowers producing sta- 
mens and pistils separately, are found on the same 
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plants in which case the plant is said to be Po* 
lygamous. 

Sometimes the pistil is single' or solitary, that is Number. 
if the flower produces but one, as in the Cherry ; 
and sometimes it is multiplicate, that is when the 
flower produces more than one, as in the Apple 
and Pear. In the former case the flower is said 
to be monogynous ; in the latter it is said to be 
digynoDs, trigynous, or polygynous, according to 
the number of pistils. 

The magnitude of the pistil is estimated by com- Magni- 
parison with that of the stamen. It^is said to be ^ ^' 
long, if longer than the stamens; and short, if 
shorter than the stamens. If it rises above the 
corolla it is said to be salient ; if it is contained 
within the corolla it is said to be enclosed. Its 
position, as has been already observed, is almost 
universally central with regard to the other parts 
of the flower, as in the Tulip ; but there are a few 
cases of exception in which it is not so ; and in 
which it is said to be eccentric, as in Monk's-hood, 
but more particularly in Monoscious and Dioecious 
plants. 

In polygynous flowers the pistils are said to be 
crowded, that is growing in clusters, as in Dryas; 
or divergent, that is expanding at the summit, as 
in the Herb Paris; or reflected, as in the Grasses; 
or capitate, that is forming a globular bunch, as in 
the Plane-tree. 

The individual pistil, like the individual stamen, P^rt^., 
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eomists of at least two^ bot very generally ol three 
distinct parts, the ovary, the style, and stigma, or 
summit. 
The 0?ft- The ovary is the lower extremity of the pistil, 
supporting the style and stigma; and containing 
the radiments of the future seed. Liilnaeus gave 
it the name of the germe or germen.* But as 
the term germen seems to denote rather the 
embryo itself, than the substance in which it is 
contained, I think the term ovary is entitled to the 
preference, denoting, as it does^ merely the integu- 
ment or receptacle of the einbryo, the idea meant 
to be expressed. But there is also another reason 
for the preference here given, owing to that appli- 
cation of the term germe, or germen, by which it 
has been already made to signify a bulb, or bud. 
Its situa- If the ovary is situated immediately upon the 
jlerior'or' base or receptacle of the flower, as in Arbutus ^ 
infcnor. -^ j^ g^* j ^^ ^ sessile ; if it is supported upon a 

pedicle elevating it above the base of the flower, 
as m the Poppy, it is said te be stipitate ; if it is 
situated below the insertion of the calyx, as in the 
Rose and Apple, it is said to be inferior ; if it is 
situated above the insertion of the calyx and en- 
closed within it, it is said to be superior^ as in the 
Primrose ; and if it is situated partly above and 
partly below the insertion of the calyx, it is said 
to be semi-superior, as in Saxifraga nivalis. In 

 Phil. Bot. Sect. 102. 
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the genus Adosa it is inferior Willi regard to the « 

oorolla^ and half inferior with regard to the calyx. 
These distinctions were introduced by Linnseus, 
and are at present pretty generally adopted. 
Gaertner has besides remarked * that the modifica- 
tion of the superior Ovary is by £ir the most com- 
mon, as well as perhaps tibe most natural, being 
seemingly the best adqited to the protection of the 
tender germe, as for examjrfe, in the : Grasses, the 
Labiate or VerticHla' e^ and Leguminous plants. 
He adds that the inferior ovary, which is exem- 
plified in the UtnbeUifenms and Cucurbitaceeus 
tribes, is not very frequent, and that the interme-* 
diate ovary, which is examplified in some of the 
Saxifragte is still less so, being doubtful whether 
compound flowers belong to the former or the 
latter. Accordinc; to this view of tlic sulnect there 
is sometimes considerable difficulty in ascertaining 
to which of the three foregoing modifications the 
flower belongs. 

But according to M. Ventenat, who has no doubt Adherent 
examined the subject^ with doe attention, the ovary ed. 
is always superior ; and when it is thought to be 
inferior or semi*inferior, it is only because the lower 
part of the calyx is so intimately incorporated with 
the ovary as to appear to be part of it, as io the 
case of the Apple and Medlar,*)* the skin of which 

• De Seminibus. Introd. + Tab. du Reg. Veget. 
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' is thus considered as part of the calyx. Instead 

therefore of the terms inferior^ superior,^ and semi* 
superior^ M. Ventenat proposes to substitute the 
terms adherent^ semi-adherent, and detached. The 
ovary is adherent if it is closely invested by the 
lower part of the calyx^ and surmounted only by 
the border, as in Enchanter's Night-shade. It is 
semi-adherent, if it is invested only in part by the 
. calyx, as in some species of Saxifrage. And it is 
detached, if it is included in the calyx, but not ad^ 
hering to it, as in the Primrose. 

If this view of tBe subject is correct, the terms 
superior, and semi^superior, are consequently absurd, 
and ought to be given up : but there seems to be 
at least some room for doubt with r^ard to the 
universality of the fact alleged by M. Ventenat 
as the ground of the introduction of the new terms 
nvhich he substitutes in the place of the old ; for 
Aowever well his remark may apply in the case of 
the Apple and Medlar, in which the part usually 
called the calyx is persistent, yet I do not see how 
it can be made to apply in cases in which the part 
usually called the calyx is deciduous, as in the 
Willow-herbs; because the very circumstance of 
the falling of that part points out to us, at least 
by analogy, the line of circumscription bounding 
a distinct organ, and the connecting link that forms 
the bond of union between the calyx and ovary. 
And if not, then we may just as well say that 
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the corolla is also always inferior; 6r that the 
leaves themselves are merely a continuatioo of the 
bark^ and not distinct organs. 

The figure of the ovary is roundish, as in theltsfigqre. 
Cherry ; or egg-shaped, as in the Pink ; or oblong, 
as in GoatVbeard ; or prism-shaped, as in Wall- 
flower ; or turbinated, as in Fescue-grass ; or com* 
pressed, as in the Vetch. In its structure it is 
simple, as in the Apple and Pear; or double^ as 
in Galium ; or divided into four, as in Labiate 
flowers. It consists also of one cell, as in the 
Hazel ; or of two, as in WalUflowcrs ; or of se- 
veral, as in the Spurge and Beech. The surface 
IS generally smooth or slightly pubescent; but 
sometimes it is set with rough hairs, as in CaucalU 
nodosa; and sometimes with glands, as in Chei- 
ranthus. 

The style which is the middle portion of theThet^fe. 
pistil, is a prolongation of the substance of the 
ovary, issuing generally fi-om its upper extremity, 
but sometimes also from the side or base ; and ter- 
minating for the most part in the stigma. If it 
issues from the upper extremity of the ovary, as 
in the Tulip, it is said to be terminal ; if from the 
side, as in the Rose, it is said to be lateral; and 
if from the base, as in the Strawberry, it is said to 
be basil iar. It is not however altc^ther essential 
to the formation of a perfect flower, and is con- 
sequently often wanting, as in the Poppy ; though Somekimet 
the ovary and stigma never are. But when pre--^*** °^* 
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sent tt is either simple, as in the Convolvulus^ in 
which there is but a single style to an ovary; or 
muliiplicate, as in the Grasses, in which there 
are two styleis to an ovary. In such cases the 
ovary is said to be monostylous, distylous, or poly*> 
stylous, according to the number of styles which 
it rapports, 
lu figure The figure of the style is thread-shaped^ as in 
tare.*'"^' Oxalts ; ov cylindrical, as in Monotrcpa ; or awl- 
shaped, as in Lychnis ; or club*shaped, as in Snow- 
fiake ; or triangular, as in Pisum ; or conical, as in 
Lecythis. Compared with the stamens it is either 
thicker, as in Sqow-flake : or not so thick, as in 
Sedum ; or of the same thickness, as in Lanuum. 
In its structure it is either simple and without 
divisions, as in Atropa ; or cMt at the top, as in 
Clethra; or divided^ that is, cleft down to the 
middle, as in Galium ; or dicbotomoUs, that is, 
having the primary divisions again sub-divided 
into two, as in' Caturus. In its direction it is up- 
right, as in Solanum Nicotiana ; or bending in 
the form of a curve, as in the Labiate flowers ; or 
ascending from a horizontal to a vertical position, 
as in Papilionaceous flowers ; or twisted or in- 
flected, as in the Pink ; or reflected, as in the 
Grasses. 

Like the ovary the style is also smooth, as in 
Hypericum; or pubescent, as in jtlthaOj or hairy or 
glandular. If it falls when the ovary is converted 
into fruit, it is said to be deciduous, as in the 
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cherry ; and if it remains attached to the ripened 
ovary, an appendage of the fruit, it is said to be 
^rmanent, as in the Star of Bethlem. 

The stigma is a small and • glandalarJooking The stig- 
snbstance crowning the style, and hence also de- 
nominated the summit. This is at least its gene- 
ral character, in which case it is said to be tet^ 
minal* But it happens sometimes, though rarely, 
to be situated upon the side of the ovary, as in 
the genus Scheuchzeria ; in which case it is said 
to be lateral; and where the style is altogether 
wanting, as in the genus Nymphaa, it is then 
said to be sessile, being situated immediately upon 
the ovary. If there is but one stigma to a pistil^ 
it is said to be single, as in tlie Tulip ; if two, it 
is said to be double, as in the Grasses ; if three, it 
is said to be triplicate, as in the Iris ; and if many . 
it is said to be multiplicate, as in the Mallow. 

The figure of the stigma is globular, as it^ Hot" Its 6gan. 
tonia palustris ; hemispherica!, as in the Berberry; 
conical, as in Utricularta ; truncated, as in jisphO" 
delus ; oblong, as in Holcus; club-shaped> as in 
Quinquina ; petaloid, as in the Iris ; peltate, as in 
Nymphcta ; radiate, as in the Poppy ; cruciform, 
as in Penaa; awl-shaped, as in the Hazel-tree; 
thread-shaped, as in EriocauUm ; pencil-shaped, as 
in Milium; triangular, as in Convallaria ; hol- 
lowed, as in Vinca; folded, as in Podophyllum; 
or feathered, as in the Grasses in general. 

The direction of the stigma is upright, that is, Directioo. 
8 
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parallel to the axis of the flower, as in Aquilegia ; 
or oblique, that is, forming an angle with the axis 
of the flower, as in the Herb Christopher, and 
Violet; or flexuose, that is, forming several regular 
and contrary curves in the same plant ; or twisted, 
that is, forming several irregular curves in different 
planes ; or inflected, that is, bent towards the centre 
of the flower, as in Lotus ; or reflected, that is, 
bent from the centre, as in the Oak ; or convolute, 
that is, rolled up spirally in a direction towards 
the centre, as in the Crocus ; or revolute, that is, 
rolled up in a direction deflected from the centre, 
as in the Dandelion ; or pendant, as in OrO' 

banche. 
Sfraciure. In its structure the stigma is either simple, that 
is, without divisions, as in the Snow-drop ; or cleft 
into two or more divisions, as in Mentha and 
Ppilobium ; or lobed, as in the Tulip ; or appen- 
dicled, as in Vinca ; or two-lipped, as in Pwgui- 
cula. The surface of the stigma is sometimes 
smooth, as in the Artichoke; but very generally 
pubescent, as in Aira ; or it is bearded, as in Vicia ; 
or hispid, as in Althaa ; or wrinkled, as in Hes^ 
peris ; or channelled, as in Colchicum ; or jagged» 
as in Rumex. At the time of the maturity of the 
flowers it is moist, exuding a sort of viscous fluid* 
In its substance it is glandular or fleshy, as in the 
Lily ; or petalous, as in the Iris ; or membrana* 
ceous, as in the Berberry. In its duration it is 
deciduous, that is, perishing with the stamens and 
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cocolla^ a^ in plants in general ; or persistent, and 
crowning the fruity as in the Poppy and Wall- 
flower* 

SECTION II. 

The Fhwer-stalk. 

The flower-stalk is a partial trunk or stem, sup- Specits. 
porting one or more flowers, if the flowers are not 
sessile, and issuing from the root, stem, branch, 
or petiole, and sometimes even from the leaf. It 
is considered by botanists as comprehending two 
different species, the scape and peduncle. 



SUBSECnON I. 

The Scape. — ^The scape, is a flower-stalk issuing Defioi- 
immediately from the root, and forming the only^^^°' 
trunk of the plant. It may be very happily ex- 
emplified in the different species of Primula. 
{PL IV. Fig. 1.) In Primula vulgaris, in which 
several scapes issue from the same root, each is a 
slender and cylindrical stalk, simple and undivided 
in its structure, and supporting a single flower. 
In Primula veris, in which one scape only issues 
from the root, it is a stalk of greater thickness 
and strength, branched or divided at the top, and 
supporting several flowers. In this case the lower 
portion, issuing from the root, is called the common 
foot-stalk ; the branches are called pedicles. 



106 R£FRODUCrrV£ ORiGANS. CHAP* III. 

The setpe i$ for the most part naked^ that is 
without any leaf-like appendages issuing from its 
surface^ as in the Hyacinth ; or scaly^ that is^ fur- 
nished with scale-like appendages, as in Tussilago 
Farfara; or leafy, as in Sweet Flag. In Valis- 
neria spiralis it is spiral ; and in the Cyclamen it 
becomes spiral about the time of the maturity of 
the flower. In Convallaria majalis it is semi-cy- 
lindrical, and in Galanthus nivalis it is two-edged. 



tlOD. 



SUBSECTION II. 

The Peduncle, — ^The peduncle is a flower-stalk 
issuing from any part of the plant except the root, 
and not constituting the only trunk. If it issues 
from the main stem, as in Averrhoa Bilimbi, it 
is said to be caulinaiy ; if from the main branches^ 
as in Averrhoa Carambola^* it is said to be rameal ; 
if from the leaf stalk, as in Turnera ulmijblia, it 
is said to be petiolar ; and if from the leaf, as in 
RiiscuSy it is said to be foliary. If it isslies from 
the angle formed by the leaf or branch, and stem, 
it is axillary, as in Corvoolvulus and Ruppia md- 
ritima ; if from the extremity of the branch or 
stem, it is terminal, as in Ranunculus hulhasus. 
It is characterized also from the circumstance of 
having its insertion opposite to the leaf^ as in 
Hydrocotyle inundata ; or between the leaves 

* SmithV Introduction, 130. 
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which 18 a case of rare occurrence^ as in Solatium 
indicum. It is solitary, as in Anagallis ; or in 
pairs, as in Azalea procumbens ; or clustered, as 
in Ferbascum nigrum.- 

In its direction it is laid close to the stem orDireo- 
branch, as in Physalis pruinosa ; or erect, as in ^^^ 
Hieracium umbellatum ; or expanding, as in Che- 
lidanium majus ; or nodding, as in Helianthus 
annuus. 

In its figure it is for the most part cylindrical, Figare. 
as in Tragopogon pratensis ; or tapering, as in 
Lapsana ; or thickening towards the top, as in 
Tragopogon porrifolifis ; or triangular, as in Scirpw 
triquetur ; or quadrangular, as in Convolvulus 
arvensis; or jointed, as in Pelargonium. 

In its structure it is' simple, supporting but one 
flower, as in Geranium sanguineum ; or divided 
into branches, each supporting a flower, as in 
Erodium maritimum ; in which case the lower 
part is called the common peduncle, the divisions 
being called pedicles. 

It is said to be short, if shorter than the leaf, Propor- 
as in Prunus insititia ; and long, if longer than ''^^' 
the leaf, as in Vicia sylvatica. It is smooth, as in 
Cawoolvulus ; or pubescent, as in Trifolium JUi» 
forme ; or scaly, as in Senecio wtlgaris. 
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SECTION III. 

The Receptacle. 

Dcfini- The receptacle is the seat of the flower and point 
of union between the different parts of the flower, 
or between the flower and the plants whether im- 
mediate and sessile, or mediate and supported upon 
a flower-stalk. Some botanists have considered it 
as a part of the flower itself, though this view of 
the subject is not entirely correct; but it is at any 
rate/a part of the fructification, and cannot possibly 
be wanting in the case of any flower .whatever. 
Like the flower-stalk it has been discriminated by 
botanists into two different species which are not in- 
. deed disignated by proper names, but characterized 
by the appellations of the proper receptacle, and 
the common receptacle. 



SUBSECTION I. 

EzenpU- The Proper Receptacle. — The proper receptacle 
is a receptacle proper to an individual flower, though 
seldom so conspicuous as to attract any particular 
notice on account of the small space which it oc- 
cupies. Let any flower with its flower-stalk be 
taken and stripped first of the calyx, then of the co- 
rolla, then of the stamens, and then of the pistil or 
pistils^ and the receptacle will appear^ seldom indeed 



exhibiting any thing like a distinct or definite figure, 
except in cases in which the flower is furnished with 
a great many stamens or pistils^ requiring a con- 
siderable extent of base. This may be exemplified 
in the Poppy, Ranuncului, or Water Lily. 

But there are many cases in which the receptacle Bleiided 
cannot be exhibited as constituting altogether a dis- ^y^ * 
tinct and separate organ, being often so intimately 
blended with the caljrx as to render it difficult to 
ascertain the limits by which the one is to be dis* 
tinguished from the other. This is particularly the 
case in flowers of which the calyx is persistent, ai 
in Cowoohndus and Rubus; in which the external 
surface of the calyx is obviously a contintiation of 
the outer rind of the flower-stalk, and the inner sur^ 
free apparently a continuation of the receptacle, 
which is contained in the hollow of the calyx and 
identified with its substance. 

This difficulty of discrimination has given rise to And hence 
some diversity of opinion among botanists upon the ting the 
subject of the calyx and receptacle, one regarding ^"f^. 
as part of the former what another regards as part •?"*?" ^ 
of the latter. The stamens of the class Icosandria 
and of many other plants were regarded by Lin- 
naeus as inserted in the calyx, and so they have 
been' regarded by most of his followers, as well as 
by the celebrated Jussieu in the distribution of his 
natural orders^ who founds one of his primary and 
principal divisions on what he denominates the 
perigynous insertion of the stamens or corolla. 

VOL. I. K 
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Which if But the fact of the perigynous insertion has been 
Saulbarj. lately called in question by Mr. Salisbury,* and 
subjected to the^ fiery ordeal of his keen and rigor- 
pus investigation ; from which he thinks himself 
entitled to conclude that no sudb thing exists as an 
insertion of the stamens or corolla in the calyx, and 
that no instance of it can be produced throughout 
the whole extent of the v^etable kingdom — thus 
denouncing and exploding the doctrine entirely; 
and demolishing with one stroke of his rough but 
^e^terons hand the whole superstructure df the (leri* 
gynous orders of Jussieu, as well as the primary 
principle of the class Icosandria of Linnseus, 

Mr. Salisbury admits, however, that his observa- 
tions were hastily committed to paper, and so the 
reader of them will most probably think. He dis* 
plays, indeed, a very extensive acquaintance with 
plants, as was to be expected fi-om a botanist of so 
much experience ; and gives ample proof of his 
talent for acute and accurate discrimination. But 
his observations are upon the whole of much less 
importance than he seems to iniagine ; because the 
insertion in question will still remain perigynous, 
whether it be r^arded as originating in the calyx 
or receptacle ; so that the whole of his long paper is 
but little better than cavil respecting terms, of which 
he himself so loudly complains. 

It is of great importance, no doubt, to discriminate 
all such parts and organs of the plant as are really 

... * lin. Tmos. voL viai. 
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distinct in natare. ' But if there are caiBes in which 
nature has not marked out the boundaries of the dif« 
ferent organs by some specific trait, man will search 
for them in vain. It must be admitted, indeed, that 
there are many genera in which the corolla and 
stamens are inserted in a sort of fleshy substance 
lining the hollow of the calyx^ which to them is no 
doubt a receptacle. But it is at the same time oh* 
vious that this substance is incorporated into the 
calyx, or united with it, so as that the two form but 
one body. If, therefore, we call it a receptacle we 
must admit that it partakes also of the character 
of a calyx ; and if we call it a calyx we must 
admit that it partakes also of the character of a re- 
ceptacle. 

This can be nowhere better exemplified than in 
the genus Pyrus or Rubus, in which the intimate 
union of the receptacle and calyx is obvious even in 
the mature state of the ovary, the calyx being still 
permanently attached to the shrunk receptacle, from 
which indeed it cannot be separated except by force. 

But in the flower of the genus Rosa^ to which Bat sub- 
Mr. Salisbury so loudly appeals, there is certainly b^facu. 
some room Yor doiibt with regard to the accuracy of 
the description by which the corolla or stamens are 
said to be inserted into the calyx ; because in flowers 
of this genus the' segments, at least of what is 
usually called the calyx, are deciduous, which de- 
ciduity seems to point out to us the natural line of 
distinction between the calyx and receptacle, as in 

K2 



6ther cMet in which the calyx is decidaous^ But 
this, as has been already obserredy will not wStd 
their perig3mous hisertioiu If it is allowed however 
to be a fair criterion for judging of the boimdaiy 
separating the cal3rx and receptacle^ we may readily 
ascertain the fact of the insertion of the corolla and 
stanietis in the calyx, by asceitaining whether they 
are in any case inserted in a calyx which is decida-^ 
oos. Now this is rendered evident from the m^ 
spection of a single flower of any species of Epi^ 
hbiunt, the corolla and stamens of which are sepa* 
rately inserted in the base of a decidoons calyxy 
or deciduous portion of a calyx, with which they falL 
The result, therefore, of this long discussion is, that 
the fact of the perigynous insertion of Jussien 
is fully substantiated by the poduction of examples 
of the unequtTocal insertion of the corolla and 
stamens in an acknowledged calyx, and that if Mr. 
Salisbury's view of the subject were even admitted 
to be the true one, still the insertion would be 
equally perigynous* 

If it is yet said that the part in which the corolla 
and the stamens are inserted cannot be a cal3rx but 
a receptacle— I answer that this is merely a quibble 
about words. If they are inserted in the calyx, to 
them it is no doubt a real receptacle ; but with re- 
gard to the flower in general it is still a real calyx. 
In the same manner as a calyx is sometimes to be 
found fitted for performing also the functions of a 
corolla, and participating of its character. And 
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there are cases in which a single envelope occurs in 
all the three capacities at once of calyx^ corolla, and 
the receptacle of the stamens, as in the genus Po/^^ 
gonum; in which Mr. Salisbury, indeed^ maintains 
that the stamens are not at all inserted in the involu- 
rum, that is the single envelope ; though it is plain^ 
upon the slightest inspection, that they are inoorpo* 
rated ivith it by the whole extent of their lower half, 
from which they cannot be detached but by force. 

From this it follows that the receptacle of the 
corolla and stamens is not always the same with the 
receptade of the pistil or ovary, as may be alsQ 
rendered evident by the inspect^pn of a flower of the 
genus Epilobium or Agrimama. In the former the 
ovary is inferior, the calyx being inserted upon its 
summit, and the corolla and stamens upon the base 
of the calyx, which is deciduous. In the latter d»e 
ovary is superior with regard to the calyx, being in- 
serted in the bottom of the cup, or if you will, in 
the receptacle which lines the bottom of it, and in<. 
corporated into its substance ; and the corolla and 
stamens being inserted in a fleshy and glandular 
sort of receptacle originating in the inner surface 
of the calyx at a point superior to the ovary, and 
closing the mouth of the caljrx, but perforated by 
the styles. 

Hence it follows alsb that the receptacle some^ 
times constitutes a part of the flower, and sometimes 
not. If it forms a part of the calyx, or is contained 
within the calyx, as in Jlui^s «ad ^grimoma, it 
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constitutes a part of the flower ; but if it is distinct 
irom the caljrx, and the c^lyx only inserted in it 
and finally deciduous^ as in the genus Ranunculm^ 
it does not constitute a part of the flower. 

In either case it assumes some considerable 
variety of figure. In the genus RubuSi '^^ which 
the receptacle of the corolla and . stamens is the 
fleshy substance lining the surfiM^e of the calyx^ 
the receptacle of the pistils is a conical prolongation 
of the same substance^ issuing from the bottom of 
the cup and occupying the centre of the flower. In 
Geum it is an oblong substance originating in the 
same manner and b^ set with fine hairs. In Poten^ 
tilla it is a dry and juiceless knob ; and in Fragaria 
it is a soft and pulpy substance^ of a globular figure, 
resembling a berry. In the Ranunculus the recep- 
tacle of the whole flower is a flat and glandular- 
looking disk ; in Clematis it i^ a small knob ; an4 
in Adonis it is a sort of oblong spik^. 



SyBSECTION II. 

Exempli- The Common Receptacle. — The common recepta-r 
compound ^'^ (^'- ^V. Fig. 12.) is a receptacle common to 
flowers, many flowers, and cpnsequently larger, and more 
conspicuous than the proper receptacle. It has acr 
cordingly been more attentively examined by 
botanists and more minutely described. It is pecur 
liarly conspicuous in compoiind or syngenesious 
flowers^ as well as peculiarly important to thejr 



I 
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generic discrimination. If a flower of this descrip- 
tion is taken and strij^pedof its individua] florets^ the 
common receptacle will be laid bare. In HeUan- 
thus Ofmuui it is a large^ fiat,' and fleshy disk ; in 
the Artichoke it is conciive ; in Tafiacetum it is con- 
vex ; in Beltis it is conical ; and in Leonttmdon it 
is globular. Its surface is naked, as in Pyrethrum ; 
or hairy, as in Carduus; or bristly, as in Kn^H 
weed ; or chai^, as in Car Una ; or warty, as in 
Crnaphalium gallicum ; or dotted, as in the Da^nde- 
lion ; or flawed with little cavities resembling the 
cells of a honey-comb, as in Onapordum. 

But there are many plants which have their And 
flowers placed upon a common receptacle, though 
not syngenesious or compound ; such as the Willow, 
the Grasses, the Fig, and Arum. In the Willow the 
common receptacle is thread-shaped ; in the Grasses 
it is linear, but flexuose ; in the Fig it is the pear- 
shaped substance usually denominated the fruit; 
and in the Arum it is the club-shaped column issu- 
ing from the bosom of the spathe. 



SECTION IV. 

The Inflorescence^ 

The inflorescence, a term introduced by Linnaeus, Defioi- 
is the peculiar mode of aggregation in which flowers tenn. 
are arranged or distributed upon the plant, whence 
it is called sometimes also the mode of flowering. 
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. If the flowers are tolitaly or in pairs they are re« 
garded merely as heing cautinary or raoiealy axillary 
or terminal, according to the distinctions instituted 
in treating of the peduncle. But when many grow 
together their aggii^adon fonns a feature in the 
habit of the plant peculiarly striking and peculiarly 
interesting to the botanist, as fbrmiog the most 
elegant and most invariable of all specific distinC* 
tions, as well as being of undoubted importance in 
Varicticf. determining genera. On this account the in- 
^rescence claims our particular notice, and may be 
regarded as consisting of tlie several following varie* 
ties 2 the head, the whirl, the spike, the panicle, 
the thyrse, the cluster, the oorymb; the iascicle, the 
nmbel, the cyme^ the catkin, the spadix. 



SUBSECTION t. 

Dcterip- The Head.'^The head is a group or assemblage of 
modiSea- Aowers distributed upon the extremity of the stem 
ti®"*- or branch, or upon a general peduncle as their com- 
mon axis, upon which they are aggregated into a 
globular form. The inflorescence of Statice Ar- 
meria aflbrds a very good example of a head of 
flowers. {PL V. Fig. 1 .) But though the head is 
always somewhat globular, it is not by any means 
strictly so ; for in Trifolium Jiliforme it is hemi- 
pherical ; in Trifolium montanum it is conical ; and 
in Dipsacus fi^llonum it is oval, The individual 
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flo^vers ara either sessile, as in Trifolium suffocatum ; 
or pedicledi as in Thymus SerpyHum. 

Tbe bead is also either sessile, as in Trifolium 
glomeratum ; or supported upon a peduncle, as in 
Trifolium ochrokucum; or it is axillary, as in TW- 
folium scabrum; or terminalf as in Gomphrena 
globosa. Sometimes it is interspersed with a num- 
ber of small leaves, as in Thymus Serpyllum ; at 
other times it is naked, that is without leaves, as in 
Trifolium. 

SUBSECTION II. 

The WhirL-^Tke whirl {PI. V. Fig. 2.) is a group Docrip- 
ior assemblage of flowers surrounding the stem or modifica- 
braneh as a oommoa axis, and in the form of a ring. ^^"^ 
The Vcrticillate JUmers of Toumefort, or Labiatt 
^/lowers of Linnseus, afibrd the best examples. If 
the individual flowers composing the whirl are ses- 
sile, as in Marubium, the whirl is said to be sessile ; 
and if they are pedicled, as in Thymus Calamintha, 
the whirl is said to be pedicled. But sometimes 
the whirl extends only hidf way round the stem ; and 
in this case it is said to be dimidiate, as in Melissa 
officinalis. Plants afiecting this mode of inflores- 
cence produce generally a succession of whirls, 
which are arranged at regular intervals upon the 
upper part of the stem or branch. In some plants 
the whirls stand close to one another, the intervals 
between them being \efy small, as in the Mentha 
Ofiutifolia s in others (hey stand wide apart, as in 

6 
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the lower whirls of Mentha viridis. In some they 
are interspersed with a number of small leaves, ^w 
in Ajuga reptans ; and in othons they are naked 
or without * leaves. The number of individual 
flowers composing the whirl is different in difierent 
species, varying from six or eight, to ten or more, 
in which case the whirl is said to be many-flowered, 

as Leonurus. 

• * 

SUBSECTION III. 

Dcscrip- The Spike. — ^The spike {PL V. Fig. 3.) is an as- 
mc^iSca- ^^^lage of flowers arranged in close succession 
^00*- upon a common and longitudinal axis, which is a 
vertical prolongation of the stem, or on a common 
peduncle, which is generally erect. The term seems 
to have been originally confined to an assemblage 
of sessile flowers arranged in the foregoing order, as 
in the ear of Wheat or Barley ; but it is now ex- 
tended by the common consent of botanists, to such 
'also as are supported on short pedicles, if otherwise 
corresponding to the definition, as in common La* 
vender ; and even to such as are arranged in whirls, 
particularly if the whirls are closely crowded 
together, as in some of the Mints. A spike ge- 
nerally begins flowering at the base, as in Ly thrum 
Salicaria, and continues to protrude its blossoms in 
• gradual succession up to the top ; so that the lower 
flowers are oftentimes quite decayed before the up- 
* per ones have begun to expand. But in. Sanguis 
sorba officinalis the flowering begins at the top. 
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and descends in a reversed order gi^dually to the 
base. 

Tbe spike is terminal, as in Agrimania; or axil* Terminal 
laiy and lateral, as in Veronica officinalis. It is said 
to be crowded if the flowers are set close together, as 
in Orchis maculata; and interrupted if the inter- 
vals between them are considerable, as in the whirls 
of Mentha rotundifolia. In its figure it is either 
linear, as in Rotbollia ; or cylindrical, as in JPhleum 
pratense ; or elliptical, as in Phalaris canariensis ; 
or jointed, as in Salicomia herhacea ; or distichous, 
that is having the flowers arranged in two opposite 
rows, as in LoUum pratense. But sometimes the 
two rows are turned about to one side, as in Dacty- 
Usstricta and Ladies* Traces, and then, the spike is 
said to be unilateral. 

The spike is simple and without divisions^ as in Simple or 
Verbena officinalis ; or compound and subdivided, poand. 
as Jn Lavendula pinnata. In the Grasses the di- 
visions of the spike are denominated spikelets, 
which consist of one, two, three,. oc many flowers, 
as in Poa Jluitans. The spike is also often leafy, as 
in Ajuga reptans and the Mints ; but it is more 
frequently naked or without leaves, as in the 
Grasses. If two spikes issue from the same stalk 
and in the same horizontal plane, they are said to 
be conjugate, as in Verbena officinalis ; and if 
several issue from the same stalk and in the same 
horizontal plane^ they are said to be bundled. 
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In the Graftses tlie cominon axis of the spike k 
somewhat peculiar in its structure, and designated 
by a proper name-— the Rachis^ which is linear and 
upright, as in Barley ; or fleituose, as in Pamel ; or 
angular, as in CockWoot ; or jointed, as in Wheat ; 
or alternately furrowed^ as in RotboUia* 



SUBSECTION IV. 

Deserip- Tht Panick. — ^The panicle is an ^issemUage of 
t^^L flowers supported upon a primary and terminal pe. 
^^"'* duncle or axis, that is irregularly divided into 
secondarypeduncles, which are sometimes again mib* 
divided into ternary peduncles. It is exemplified 
in Brgmtts aroensis and Avenajlavescem, and nay 
'be regarded as resembling a sort of loose spike. It 
is loose and spreading^ as in Saxifraga umbroM ; or 
close and compact, as in Poa rigida ; or straddling 
and divaricate, as in PrenanthtM muralis. It is said 
to be simple if the primary peduncle is furnished 
only with secondary peduncles, as in Brtmus ereC" 
tus ; and compound if the secondary peduncles are 
furnished also with ternary peduncles, as in Dactjf* 
lis glamerata. The spikelets are either sessile, z,% in 
Poa procumbens ; or pedicled, as in Poa nemoralU. 
(PI. V. Fig. 4.) They are also either erect, as in 
Bromus erectus ; or nodding, as in Bromus asper ; 
or turned to the one ^ide, as in Festuca rubrn* 
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SUBSECTION V. 



The Thyrse.— 'The thyrse (P/. V. Fig. 5.) orDescrip.. 
bunch is an assemblage of flowers supported upon J^^ca- 
a primary peduncle, subdivided as in the branching *°*^- 
panicle; bat difiering from it in having the lower 
or partial peduncles longer, and placed in a horizon- 
tal or expanding direction ; and the upper ones 
shorter and erect. From this peculiarity of struc- 
ture it assumes for the most part a sort of oval figure^ 
and may be exemplified in Tussilago Petasites or 
common Butter-bur. It is terminal, as in Syringa 
vulgaris ; or lateral, as in the Vine ; naked, as in 
the preceding examples ; or interspersed with Ieaves> 
as in the Privet. 

SUBSECTION VI. 

The Chister.^-^The cluster {PL V. Fig. 6.) is an Dcscrip- 
assemblage of flowers supported upon partial pedi- nTr^fffca- 
cles that are attached to a common foot-stalk, either ^^^"*' 
primary or secondary, which is generally pendant. 
It bears a considerable resemblance both to the 
spike and panicle, though looser than the former 
and more compact than the latter. If the pedicles 
are immediately attached to a primary and undivid- 
ed ' peduncle, as in the Currant, the cluster is said 
to be simple ; but if they are attached to secondary 
peduncles, as in Solanum Dulcamara, it is then said 
to be compound. It is terminal, as in Actea 
spicata ; or lateral, as in the Currant ; pendant, as 
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in Cytisus Laburnum; or erect^ as in Pyrola 
minor. 
Supposed The inflorescence of the Vine was r^arded and 
the Grapt. described by Linnaeus as being a cluster^ and con- 
sequently arranged under this head. But Dn 
Smith has now transferred it to the thyrse because 
its ultimate ramifications are sometimes obscurely 
umbellate^ a character inconsistent^ as he thinks^ 
with the (luster^ but not so with the thyrse. What- 
ever may be the value of this observation, the in- 
fl&rescence of the Vine comes^ evidently much 
nearer to the thyrse, in its general habit, than 
to the cluster, and seems to be arranged with more 
propriety under the former than under the latter. 



SUBSECTION VII. 

Deicrip- The Corymb.^^The corymb {PL V. Fig. 7.) is an 
D^iBca- assemblage of flowers supported upon peduncles 
tioDs. issuing from a common axis, as in the spike, but 
having the peduncles so proportioned in length as 
to be of an equal height, and the flowers conse- 
quently so placed as to be nearly on a level. The 
inflorescence of Spiraa opulifotia^ a shrub commoa 
in our gardens, afibrds a good example of the 
corymb, which is said to be simple if the peduncles 
^re simple, as in Arabis Turrita ; and compound 
if the peduncles are divided, as in Iberis amara. 
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SUBSECTION VIII. 

The Fascicle.— The fascicle (P/. V. Fig. 8.) is Descrip. 
an assemblage of flowers arranged precisely as in modifica- 
the corymb, except, perhaps, somewhat more order- ^^°** 
ly, and differing from it merely in having its pedun- 
cles more crowded and condensed, so as to form a 
sort of compact bundle. ' It is exemplified in Dian^ 
thus harbaius or Sweet Williams, in which the 
peduncles are regularly decussated. But in erect- 
ing the fascicle into a species separate from the 
corymb, botanists seem to have instituted a distinc- 
tion without a warrantable difierence. 



SUBSECTION IX. 

The Umbel.— 'The umbel {PL V. Fig. g.) is a Dncrip- 
mode of flowering in which a number of flower- ^"^ 
stalks issuing from a common centre diverge like 
the rays of an umbrella, bearing their flowers on 
the summit and raising them about the same 
height. The Carrot, Parsnep, and Hemlock, are 
fiimiliar examples, which with all other plants af- 
fecting this mode of inflorescence are denominated 
jumbelliferous or umbellate. 

If the rays of the umbel are undivided so that Modifict- 
each individual ray supports but a single flower, as ^"*°'* 
in the genus Hydrocotyle^ the umbel is said to be 
simple. But if the rays of the primary umbel are 
themselves subdivided so as to form and support 

5 
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secondary umbels, as in the genus Heracleutn and 
most umbellate plants^ the umbel is then said to be 
compound. It is terminal, as in the Carrot; or 
lateral, as in Caucalis nodiflora. It is also sessile^ 
that is without any foot-stalk, as in Slum nadi/bn 
rum ; or pedunculate, that is furnished with a pro* 
per foot-stalk, as in Tolrdylium officinale. The. rays 
are said to be crowded if placed close together, as 
in Sanicula europea ; or distant if placed wide apart, 
as in Slum repens. The flowers are either equal, as 
in Bunium; or unequal, as in Heracleum. The 
surface of the umbel is flat, as in Imperatoria ; or 
concave, as in the Carrot ; or convex and approach-* 
ing to globular, as in Angelica sylvestris. 



SUBSECTION X. 



Descrip. The Cyme. — The cyme or tuft (P/. V. Fig. 10.) 
nK^rdai- consists of an assemblage of flowers supported upon 
tioDs. peduncles issuing from a common centre, as in the 
umbel, and rising to the same height ; but irregu- 
larly divided at the top. The inflorescence of the 
Elder is a very familiar example. In Sedum Aixaon 
the cyme is sessile ; in Viburnum it is supported on 
a foot-stalk. In the Elder it is terminal ; in LauruS" 
tinus it is^often lateral; in Sedum sexangulare it is 
leafy ; in Sedum angUcum it is naked. 
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SUBSECTIdN XI. 

The Catkin.— The catkin (PLY. Fig. 11.) is aDescrip. 
mode of inflorescence consisting of an assemblage ^°' 
of flowers generally incomplete, whose calyx is a 
small scale-like substance attaching them to a com- 
mon and elongated receptacle, as in a close and 
condensed spike. It is exemplified in the very 
familiar cases of the groups of barren flowers pro- 
duced by the Hazel and Walnut. The catkin was incorrect- 
indeed considered by Linnaeus as being altogether ^'i^fng 
a species of calyx, and accordingly arranged as such. *.^y*- 
But this arrangement is obviously incorrect, unless 
stamens and pistils are to be considered as forming 
parts of the calyx, which cannot be the case ; be- 
cause stamens or pistils always form part of the 
catkin. Dr. Smith, however, still arranges the cat- 
kin under the head of calyx, and yet when he comes 
to describe it he calls, it ** an aggregate flower,"* 
which entirely overthrows the notion of its being a 
calyx, and even contradicts his own arrangement. 
I am not aware of any good reason why the catkin 
should not be regarded as a peculiar mode of in- 
florescence, as botanists for the most part do now 
regard it. For it is no objection to this view of the 
subject to say, that the scale-like calyx adheres so 
firmly to the common receptacle as to seem a part 
of it ; because there are, in all modes of inflores- 

* Smith's iDtroductioD, p. 2S4. 
VOL. I. L 
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cence^ examples of flowers with a persistent calyx 
that falls only with the peduncle; and in the cat-; 
kin there are examples of scales that are deciduous, 
as in Betula alba. 
Its figure. The figure of the catkin is sometimes globular^ as 
in the Cypress^ and sometimes oval, as in the Hop; 
but it is more frequently cylindrical, as in the WiI-» 
low and Poplar. In Betula nana it is lateral and 
erect ; in the Hazel it is terminal and pendulous. 
In Salix Cr&weana it is sessile ; in Betula alba it is 
pedunculate. If the scales are smooth the catkin is 
smooth, as in Salix amygdalina ; but if pubescent 
or rough with hairs^ as in Salix nigricans^ so also is 
the catkin. 

SUBSECTION XII. 

D|Mcrip. The Spadix.'^T)[ie spadix (P/.V. Fig. 12.) is a 
species of inflorescence consisting of an assemblage 
of flowers which, like those of the catkin, are ge^ 
nerally incomplete ; but which are supported upon 
a common and vertical foot-stalk, that is invested 
with a leaf-like sheath from the base of which it 
issues. The term was originally adopted by Lin- 
naeus, and, applied to denote merely the general re- 
ceptacle of the flowers of the Palms ; but as it forms 
also evidently a distinct species of inflorescence 
it ought unquestionably to be arranged as such ; 
because the inflorescence includes the receptacle, 
but the receptacle does not include the inflores- 
ence* 



uon. 



SECT. V. THJB FRUIT* 147 

The spadix is simple, that is without divisions, as Modifica- 
in the different species of Arum ; op branched, , a& 
in the Palms. The foot-stalk is linear, as in Zos^ 
tera marina ; or cylindrical, or flattened, or club- 
chaped, a» in Arum* In Arum the flowers encircle 
the foot-stalk about the middle ; in Calla they in* 
vest it wholly ; and in the Palms they form with 
the several divisions of the foot-stalk terminal or 
lateral spikes, 

SECTION V 
The Fruit. 

In the progress of fructification, when the several DefinU 
organs of the flower have discharged their respective 
functions, the petals, the stamens, the style, and 
often the calyx, wither and falL The ovary alone 
remains attached to the plant, and swells and ex- 
pands till it reaches maturity. It is now denomi- 
nated the fruit. But at the period of its complete 
developement it also detaches itself from the plant 
and drops into the bosom of the earth, containing 
and protecting the embryo of the future vegetable; 
The fruit then is the ripened ovary and the parts 
which it contains. In popular language the term is 
confined chiefly to such fruits as are esculent, as thei 
Apple, the Peach, and the Cherry, or perhaps, tor 
the esculent part only ; but with the botanist the 
matured ovary of every flower with the parts con- 
tained constitutes the fruit. 
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The best and most accurate description of fruits 
and their several parts, as well as the most scientific . 
distribution into their several species which has yet 
been made, is that of Gasrtnef in his very elaborate 
work De Fructibtts et Seminibus Plantarunij which, 
shall consequently be our principkl guide on this 
interesting and intricate subject. 

As the fruit consists of the ripened ovary^ it fol- 
lows that the situation and distribution of the fruit 
must be the same with that of the flower which has 
preceded it. If the flower was radical or caulinary^ 
so is the fruit ; if it was lateral, axillary, or termi- 
nating, so is the fruit ; if it was sessile or peduncu- 
late, spiked or verticillate, so also is the fruit. And for 
the same reason if the ovary was adherent the fruit 
must be adherent ; and if the ovary was detached ' 
the fruit must also be detached. Or, to express these 
modifications in language perhaps more correct, if 
the flower was inferior the fruit will be inferior ; if 
the flower was superior the fruit will be superior ; 
and if the flower was intermediate the fruit will be in- 
termediate. It does not follow, however, that mere 
modifications of position shall be the same ; because 
it frequently happens that of plants of which the 
flower has been drooping the fi^uit is erect, as in the 
Lily and Cowslip ; and on the contrary, that of 
plants of which the flower has been erect the fruit 
is drooping, as in Wheat and Barley. 
Figure. The figure of the fruit assumes almost as much 

variety as that of the flower ; but the following are 
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its most frequent modifications: it is either sphe- 
rical, as in the Cherry ; or eliptical, as in the Al- 
mond ; or oblong, as in the Coffee-tree ; or cylin- 
drical^ as in Epilobium ; or inversely conical, as in 
the Pear; Or inversely heart-shaped, as in Veronica ; 
or kidney-shaped, as in Anacardium ; or three 
cornered, as in the Tulip ; or twisted, as in J/e- 
-dicago sativa ; or jointed, as in Hedysarum; or 
inflated, as in Staphylea ; or winged, as in Crown 
Imperial; or stellate, as in the Poppy. The apex 
is described also as being acute, as in Sago; or 
obtuse, as in the Filbert; or truncated, or emar- 
ginate, as in Thlaspi ; or umbiiicate, as in the 
Apple. 

The size of the fruit is also very various, but is Size. 
not always proportioned to the plant that produces 
it. The Oak and the Ash though among the largest 
of trees, produce a fruit that is comparatively but 
very diminutive ; while the Gourd, whose stem .is 
but herbaceous ahd creeping, produces a fruit of a 
most enormous bulk. The largest fruits occur 
among the palms, or among the Cucurbit aceotis 
and Leguminous plants. The fruit of Leontarus 
maldivica is often a foot and a half in diameter ; 
and that of Mimosa scandens often six feet in 
length. 

The fruit in its immature state is always softContex- 
and pulpy, but in its matured and ripened state it 
is generally firm and compact, and sometimes so 
very hard that it can scarcely be cut. In the 
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Cherry it is succulent, in the Strawberry it is 
pulpy, in the Apple it is fleshy, in Staphyllea it is 
membranaceous, in the £lm-trce it is leathery, 
and in the Nut it is woody. But it is very seldorii 
of the same consistence throughout For some- 
times the outer part is soft and the inner part hard^ 
as in the Peach and Cherry; and sometimes the 
outer part is hard and the inner part soft, as in 
the Filbert ^nd Cocoa-nut; but sometimes both 
parts are alike, as in the Pine Apple. From these 
different modifications Gaertner institutes a division 
of fruits into soft, hard, and mixed.* The Currant 
is an example of the first; the Filbert of the se- 
cond ; and the Peach or Apricot of the third, 
poTcredor Some fruits are covered with a thick rind ; many 
''* with a thin cuticle only ; and many are without 

even that. The cuticle may be seen in succulent 
berries ; and the rind or bark in the Orange and 
Cocoa-nut, The bark is in general closely attached 
to the interior part; but sometimes it is remote 
from it and inflated, as in Scytalia chinenm. In 
its exterior surface it is generally smooth and uni- 
form, as in the Cherry ; or cottony, as in Peony ; 
or scaly, as in Sago ; or dotted, as in the Orange; 
or perforated with holes, as in Artacarpus ; or 
ribbed, as in the Melon ; or rough, as in Galium 
aparine; or set with tubercles, as in Onobrychus ; 
pr with prickles, as in Canna indica; or with 
^horns, as in Trapa. But it is often also excjui, 

* Gaert. De Seininibus. 
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sitely cokiured. When the blossom begins to fade^ Colourtd. 
and the colours of the corolla to decay, the beauty 
of the plant seems to have departed with the de- 
parting flower« But the beauties of the departing 
flower are often more than compensated in the rich 
and mellow colouring of the fruit. The ripened « ^ 
tints of autumn are found to be equally pleasing 
with the bloom of spring, and the colours of the 
Peach and Apricot, the Plum and Cherry, are in 
nothing [inferior to the blossom that preceded 
them. 

If a single flower produces only a single seed, Singte, 
or several seeds contained in a single seed-vessel, 
the fruit is said to be single ; but when it produces 
many seeds, whether detached or united, except 
by one style, the fruit is then said to be multipti^ 
cate. But the number of the fruit produced by 
an individual flower is not always the same even 
in the same species ; because all the original ovaries 
are not always impregnated. If the fruit is pro* 
duced in pairs, as in umbelliferous plants; or in 
threes^ as in the Lily ; or in fours, as^ in the Ver-* 
ticillate plants ; or in fives, as in the Geranium ; 
or in an indefinite number from the same flbwef, 
as in the Rose and Ranunculus ; it is then said to 
be conjugate, or compoundt 

The conjugate or compound fruit is either lobed Cw^vh 
or divisible. It is divisible if in its immature state ^^ 
it presents a uniform and integral appearance, but 
»fbrwards separates into distinct portions, as iu 
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the pod of the Pea and Bean. It is lobed if the 
portions into which it may separate are attached 
to a common axis, as in Colchicum. There is also 
another species of compound fruit distinguished by 
Gsertner^ which is formed by the union of two or 
more ovaries of different flowers combined into 
one whole^ as in Caprifolius and Artocarpus. I 
do not recollect whether Gsertner has designated ' 
this species of fruit by any particular name ; but 
it might be very appropriately designated by the 
appellation of the combined fruit. 

Such are the general and external modifications 
of the fruit considered as forming an individual 
whole. But it is yet to be considered as composed 
of constituent parts^ — an exterior part^ which is the 
ripened ovary, now the Pericarp ; and an interior 
part, which is the Seed. 



SUBSECTION I. 

Defini- The Pericarp. — The pericarp which is merely 
the exterior part of the ripened fruit, and which 
generally constitutes its principal mass, assumes by 
consequence the same exterior modifications of 
form, at least as long as it remains entire. But 
Dhritible in the mature state of the fruit the pericarp often 
iiilfes. separates spontaneously into several distinct sec- 
tions or portions, called valves, including the seed ; 
and in some cases also an upright and central co- 
lumn, called the axis of the fruit or pericarp, as in 
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the Pink. All pericarps do not open in the same 
manner; but all individuals of the same species 
open in the same manner ; and the pericarp is said 
to be one-valved, two-valved, three-valved^ or many- 
valved, according to the number of valves into 
which it openis. 

The form and contexture of the valves is as much 
diversified as the form and contexture of the fruit. 
But the external surface is generally convex, and 
marked with a longitudinal furrow; and the in- 
ternal surface generally concave. The margin is 
simple or inflected, forming often a prominent 
seam which connects the valves. But sometimes 
the valves are connected by means of an additional 
substance inserted between them. In the Lily it 
is a fine membrane resembling a net, in the Tulip 
it is rough and bristly. 

The aperture by which the valves open sponta- 
neously is generally longitudinal, extending in 
many cases from the top to the bottom of the 
pericarp, as in Galanthus ; but in other cases ex- 
tending only half way down, as in Chrysosplenium^ 
and forming semi-valves ; and in others extending 
for a space so very short that the pericarp is only 
said to be toothed, as in Primula. But sometimes 
also the aperture is transverse or horizontal, as in 
Centunculusy Hedysarum, and AnagallU. In most 
plants, as in Pyrola, the valves open eternally ; 
but in Cokhicum they open internally; and in 
Triglochin the opening is from the base upwards. 
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Simple, Sometimes the several valves, when united, form 
iIiniM5°' ^^^Y ®"^ cEvity, as in AnagalfU; and sometimes 
one cavi- |.|jgy form several cavities, as in the Iris. In the 

ty; or •' 

former case the pericarp is said to be simple ; in 
the latter, it is said to be compound. 
Com- The compound pericarp is divided into internal 

and"di- cavities by means of a number of thin and mem- 
▼ided bj branaceous substanees, called partitions, intersect- 
ing the interior of the fruit, and attached some- 
times to the axis, and sometimes to the valves. In 
the former case they are said to be central ; in the 
latter parietal. But sometimes also they are at- 
tached both to the axis and the valves, and then 
they are said to be copulative. If they form an 
enclosed cavity they are said to be complete, as in 
Oxalis; but if they do not form an enclosed 
cavity they are said to be incomplete, as m the 
Poppy. Sometimes they are attached longitudi- 
nally to the middle of the valves, in which case 
they are said to be ventral ; and sometimes they 
are formed of the inflections of the edges of the 
valves, in which case they are said to be marginal, 
^nd are always double** ISometimes they are 
placed opposite to the valves, as in Epilohium ; and 
sometimes perpendicular to them, as in Hedysarum. 
They are also described as being vertical pr hori- 
zontal, parallel or contrary, with a reference to the 
position of the valves. 

• Gaert. Dc Sem. Introd. 
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The cavities formed by the union of the valves Which 
and partitions, and in which the seeds are lodged, Inda^ng 
are denominated cells. In some fruits their figure ^^^ **•***• 
is distinct and well defined ; but in others^ al- 
though the seeds are separated, yet there are no 
regular cells^ the seeds being imbedded in a sort of 
pulp, as in the Grape and Gooseberry. Of those 
whose figure is distinct and well defined^ some 
contain one seed and others more. In some fruits 
the cells are close and compact, but in others they 
are remote and distended, as in Staphyka. The 
number of cells is not always constant even in the 
same species, but is liable to the same accidental • 
defects as the number of ovaries. In their position 
they are opposite, as in Veronica; or verticillate, 
as in the Tulip and Heaths ; or longitudinal, as in 
the Bean ; or irregular, as in Cyamus Nelumbo. 

If a pericarp of one cell contains only one seed, 
it is said to be monospermous ; if it contains two 
4ieeds, it is dispermous ; and if many seeds, poly- 
spermous. If the pericarp contains more than one 
cell, still the ' individual cell is characterized from 
the number of seeds. 

That part of the fruit or pericarp to which the Which arc 
seeds are attached is denominated the receptacle a"^^!l^l^ 
of the seed. Sometimes the valves are the recep- ^*^- 
tacle, as in Butomus uinbdlatus ; sometimes the 
partitions are the receptacle, as in the Tulip and 
?i)ppy ; sometimes the base of the pericarp, as in 
Birago ; sometimes the apex, as in the Elm ; and 
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sometimes the margin, as in the Pea. In the Pink 
the receptacle is the central column, and in com- 
pound flowers the receptacle of the florets is also 
the receptacle of the seeds, exhibiting the same 
variety of form and surface. 

By the spontaneous separation of the valves of 
the simple pericarp, and by the spontaneous sepa- 
ration of the valves, or consequent opening of the 
partitions of the compound pericarp, the contained 
seedi^ are disengaged, or extricated. But all pe^ 
ricarps do not open by means of valves, • even 
though they should contain several distinct cells; 
for the seeds are often extricated merely by means 
of one or more pores opening in the pericarp, and 
forming a passage for their discharge. Sometimes 
the pores are situated in the apex of the pericarp, 
as in Antirrhinum Orontium ; sometimes in the 
sides, as in Campanula; and sometimes in the 
base, as in Lycopsis. 

If no opening is eflected in either of the fore- 
going modes, the fi*uit falls to the ground when 
mature with the contained seed, which finally 
bursts the pericarp in the process of germination, 
and thus extricates itself. 
Naked Such are the general characteristics of the pe- 

ricarp, where a pericarp is present. But there are 
some seeds, such as those of the labiate flowers, 
which are altogether destitute of a pericarp, and 
hence said to be naked. Gaertner, however, who 
for depth and accuracy of research stands altogether 
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unrivalled, on the subject of fruits and seeds, and 
whose authority is consequently great, seems in- 
clined to regard all seeds whatever as furnished 
with a4)ericarp,* not excepting even those that are 
generally called naked, in which the cuticle of the 
seed is the pericarp. But the question ought not 
to be whether a cuticle is in any case to be re- 
garded as a pericarp, but whether or not all seeds 
are furnished with a pericarp distinct from their 
own proper integuments. The cuticle is no doubt 
a covering, but it is not a pericarp ; and the seed 
that has no other covering is with propriety de- 
nomin<ited naked, in the same manner as the 
Indian is said to be naked, because he is without 
clothes, although he is still covered with his own 
proper skin. 

Of pericarps however, that are conspicuous and 
undisputed, botanists generally enumerate the fol- 
loAving species : — ^The Capsule, the Pome, the 
Berry, the Nutshell, the Drupe, the Silique, the 
Legume, the Cone; of which in their order. 

Article I . The Capsulc—Uhe capsule (P/. VI. DefinU 
Fig* 1.) is a dry and membranaceous pericarp se- j!arieiie«. 
parating for the most part, when ripe, into valves, 
or, at least, opening in some definite and determi- 
nate manner. It may be exemplified in the Snow- 
drop and Bell-flower. Ic is one-valved, as in 
Primula i t wo- valved, as in Circ^flr ; many-valved, 
as in Oxalis ; or without valves, as in Fraxinus. 

* Gaert. De Fruct. et St;in. Plant, vol. i. Introd. 
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In the Lily the valves are vertical; in AnegalUs 
they are transverse ; in Colchicum they are intro- 
ilected. It is one-celled^ as in Viola; two-celledy 
as in Veronica ; three-celled, as in Iris ; or tnany- 
celled^ as in Andromeda. In Corvcolvulus the par- 
titions ai:e central ; in the Poppy they are marginal 
and incomplete ; in the Tulip they are perpendi- 
cular to the valves ; and in Nymphtea they bear the 
^eds. In the Iris the opening is longitudinal; fa 
Hyoscyamos it is horizontal ; in Silene it is at the 
apex ; in Phyteuma at the side ; and in Triglochin 
' at the base. 

In some cases the varieties of form or structure 
which the capsule assumes are so striking or pe- 
culiar^ as to have been thought worthy of being 
designated by proper names. Gsertner ^ enumerates 
and describes the four following : the Utricle^ the 
Samara, the Bag, the Coccus. 
The utri- The Utricle is a small and bladder-like capsule 
without valves, consisting of one cell and one seed. 
Gsertner exemplifies it in Chenopodium and Cle- 
matis, in which Dr. Smith seems to regard it as 
being merely a cuticle.-f- But there are, at any 
rate, other plants in which we must regard it as 
being something more. In Galium and most other 
cases it is said to be tight, that is, closely investing 
the seed ; but in Adonis and Thalictrum, it is said 
to be loose, that is, not closejy investing the seed. 
In Amaranthus it bursts horizontally in the 

• Gxrt. De Sem. Introd. f Smith's Inlrod. p. 279. 
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middle, and in Chenapodium it is so tender as to 
be easily rubbed off with the finger. 

The samara is a compressed and leathery cap- The sam^^ 
sule, of one or two cells, but without valves, ter- 
minating in a membranaceous wing or border, and 
falling off entire with the contained seed, by which 
it is irregularly burst open in the process of ger- 
mination, as exemplified in the Ash, Elm, and 
Maple« Dr. Smith, however, suggests an objection 
to the use of this term as denoting a variety of 
the capsule, on the ground of its having been pre- 
occupied by Linnxus, and - appropriated to the de- 
signation of a genus. 

The bag is an elongated and leathery capsule The bafr 
consisting of one valve and one cell, and opening 
longitudinally on 'the one side. It is sometimes' 
single but more frequently duplicate, with the 
seeds loose, or attached to a proper receptacle 
which is generally the edge of the seam by which 
it opens. It may be exemplified in the genus 
Vifica or Paonia. 

The coccus is a dry and elastic capsule of two The co^* 
or more lobes joined together, each forming a cell, 
and containing a seed ; but separating when ripe 
from the axis, and bursting longitudinally into two 
valves united at the base. It is two-celled, as in 
Mercurialis ; three*celled, as in Euphorbia ; or 
many-celled, as in Hura crepitans ; the valves of 
which, as we are told, when fully ripe and dry, fr^ 
quently burst open with a sudden and violent jerk 
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SO as to produce an explosion like the report of a 
pistol. 

Article 2. The Pome. — ^The pome (PL V. 
Fig. 2.) is a pulpy or fleshy pericarp without 
valves, but enclosing a capsule. It is exemplified 
in the familiar case of the Apple, from the Latin 
appellation, for which it has taken its name. It is 
generally of a globular or oval figure, as in most 
varieties of Apple ; but sometimes it is inversely 
conical, as in many varieties of Pear. At the apex 
it is marked with a small cavity surrounded by the 
remains of the calyx, which is persistent, or in the 
language of Ventenat, adherent, which cavity is by 
botanists denominated the umbilictiSy and by gar- 
deners, the eye of the fruit. At the base there is 
oflen also a small cavity formed by the expansion 
of the pome around the insertion of the foot-stalky 
which is not, I believe, designated by any proper 
name ; but in the Pear the pome tapers down gradu- 
ally to the point of insertion, and renders the cavity 
less distinct. The enclosed capsule is a thin and 
membranaceous substance, consisting for the most 
part of five distinct cells. 
De6ni- ARTICLE 3. The Berry. — ^The berry {PI. VI. 
mcxiifiCT. F^S' 3*) is a soft and pulpy pericarp containing 
tions. Qn^ Q,. more seeds, but not separating into regular 
valves, nor enclosing a capsule. It is exemplified 
in the very familiar case of the Currant and Goose- 
berry. It is not however always strictly succulent ; 
for in the Ivy it is of a dry and mealy contexture. 
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and in Trientatts it is covered with a sort of brittle 
crust. The same may be said of the Gourde Melon, 
and Cucumber, togetiber with the Lemon and 
Orange^ which, though regarded by botanists as 
being varieties of the berry, are yet covered with 
a thick coat or rind which is not pulpy. The seed* 
vessel of Cucurbitaceous plants is even distin- 
guished by Gaertner with a proper name, the Pepo, 
and characterized by the peculiarity of having its 
.seeds situated remote from the axis and inserted 
into the sides of the fruit. The figure of the berry 
is for the most part globular, as in Vaccinium, and 
the foregoing examples ; but in the Strawberry it 
is oval. In Daphne it is one-seeded ; in Asparagus 
it isv generally two-seeded ; in the Ivy it is three- 
seeded; and in Nympfuea it is many-seeded. 
Sometimes the seeds are irregularly dispersed ia 
the pulp, as in Nymphcea ; sometimes they are 
attached to a common receptacle, as in Solanum ; 
and sometimes the cells are separated by regular 
partitions, as in the Lemon. 

In the forcing examples tlie berry is said to Simple or 
be simple, that is, when it consists of only one pound. 
ovary ; but sometimes it is also said to be com- 
pound, that is, when it consists of several ovaries 
united into one mass, as in the Bramble and Bread- 
fruit. In this case each ovary contains a seed, and 
the individual ovaries are also farther designated by 
€he peculiar appellation of Acini. It should be 
observed however that the berry of the bramble 

voi*. I. M 
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18 compoiad of the united ovaries of only a single 
flower s while that of the Bread-fruit is composed 
of the united ovaries of many flowers. 
. Seveial other fruits, though not corresponding 
eucity to the above definition or exceptions, are 
regarded however by botanists as being also va- 
rieties of the berry ; such particularly as those of 
the Juniper and Yew-tree. In the former the 
'scales pf the fertile catkin^ which ultimately become 
succulent, unite also together and form a globular 
fruit, resembling a berry so much as to have ob* 
tained the name. In the latter the calyx, or re* 
oeptacle as it is generally believed to be, which is 

' at first a thin and scale-like substance, of a whitish 
or greenish complexion, embracing merely the 
base of the ovary, expands and enlarges into a 
thick and pulpy envelope, of a bell-shaped figure, 
and of a most beautiful red, investing the whole of 
the ovary, except at the mouth or open extremity, 
and giving the fruit the appearance of a berry, 
as it is generally called ; though strictly speaking 
it is more properly a nut than a berry. 
Defini- ARTICLE 4. The Nutshell. — ^The nut-shell 

• [PL VI. Fig. 4.) is a pericarp of a hard and 
bony texture^ though sometimes crustaceous or 
leathery, not opening spontaneously, or if opening 
spontaneously, not into more than two valves. Tlie 
Filbert and Ches|iut are well known examples ; the 
former being an example of the hard and bony 
shell, and the latter of the soft and leathery. la 
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the genus Echium it is crustaoeous^ and in Myosotis 
it is bard as flint. The figure of the nut-shell is Figure* 
generally roundish or oval ; but in the Horn-beam 
it is angular; and in the Fir it terminates in a 
membranaceous border called the wing. In the 
acorn it is one-celled, in Trapa it is two-celled» 
and in the Chesnut six-celled; but the paititiona 
are not perceptible in the mature state of the fruit. 
The contained seed or nut is generally denominated 
the Nucleus, and is extricated for the most part 
by means of a fissure effected in the process of 
germination ; or by the gradual decay of a part* 
Qut in the Walnut the shell opens spontaneously 
into two valves ; and in the Filbert, in which it 
does not perhaps open spontaneously, the valves 
seem at least to be niark^d out by a sort of supers- 
ficial line, and are easily divided with the assist-^ 
anoe of a knife. In Lycopsis it opens by a hole or 
fissure at the base^ and in Trapa by a hole at the 
apex. Sometimes it is naked, as in Lycopsis ; but 
sometimes also it is coated, that is covered with a 
membranaceous envelope, either wholly or in part, 
as in the Acorn and Walnut. 

Article 5. The Drt^e.—The drupe {PL VLpcfinn 
Hg. S.) is a soft and pulpy pericarp without valves, 
but enclosing a nut. It may be exemplified in 
what is generally called stone fruit, as in the 
Cherry, the Peach, and Apricot. Its figure is for 
the most part roundish; as in the Cherry ; or elip- 
tical, as in the Apricot. In the genus Halesia it 

MS 
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h winged. Its substanee is succulent^ as in the 
Plum ; or fibrous^ as ia the Cocoa-nut ; or dry and 
leathery, as in the Almond, Sparganium^ and 
Gaura, which last are nearly allied to nuts. It 
opend for the most part merely by accident or 
decay ; but in the Peach dnd perhaps a few others, 
it opens spontaneously. 
The shell. The shell of the drupe is generally very hard> 
whence the appellation of stone fruit. But in 
Some cases it is crustaceous and tender, as in 
Sty rax callophyllum ; in some it is leathery, as in 
Hyphane ; and in some woody, as in Cerbera.* 
It does not perhaps in any case open spontaneously^ 
and yet there are some shells in which the traces 
of valves may be discovered, as in that of Elath 
carpus ; or in which a division may easily be ef- 
fected by means of the knife, as in Prunns. In- 
complete valves, indeed, are sometimes found at 
the top of the shell, as in Nitraria and Gaura, so 
as to make it resemble a toothed capsule ;'j» and in 
a few genera there is an opening formed by means 
of a hole or pore at the top, as in the Cocoa-nut. 

The figure of the shell is very often elliptica!^ or 
egg-shaped, but compressed, assuming however a 
* great variety of modifications, sufficient in most 
cases to determine the species. Its surface is never 
quite smooth, but often rough and irregularly fur- 
rowed, as in the Peach; in order periiaps timt it 

* Gaert De Sero. lotrod. t Ihid. 
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might the naore closely unite with (he «xteri6r part 
of the fruit. 

Sometimes the shell is separable into several The pjit. 
different divisions, each forming an enclosed cavity °'' 
and containing a seed. In this case each division 
assumes the appellation of a Pyrena, and the fruit 
is said to be dipyrenous, tripyrenous, or polypy- 
renous, according to the number of divisions into 
which it separates. The partitions, however, as 
in the compound nut, are effaced in the matured 
fruit. 

Article 6. The Silique. -^The silique or podpefiu. 
{PL VI. Fig. 6.) is a dry and elongated pericarp, 
consisting of two valves with two opposite seams, 
to which the seeds are alternately attached. It is 
said to be siliculous if the transverse and longitu- 
dinal diameters are equal, or nearly so, as in 
Thlaspi ; and siliquose if the longitudinal diameter 
exceeds ihe transverse so as to give to the pod an 
oblong figure, as in Cheiranthus. In Brassica 
the pod is cylindrical ; in Erysimum it is four-cor* 
nered ; in Lepidium it is elliptical ; and in Thlaspi 
it is inversely heart-shaped. The surface of the 
pod is generally smooth or pubescent; but in 
Raphanus and Sinapis it is covered with protu- ^ 
berances. Though the valves are generally two, yet 
the pod of the genus Bunias is wholly without 
valves. In Dentaria the valves open with a suddea 
jerk, and in Cardamine^ after opening, they roll 
back spirally. Sometimes the partitipns are pa-> 
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rallel to the valves^ as in Draba; and sometimes 
they are contrary, as in Subularia^ but always lon- 
gitudinal. The cells of the silique are generally 
twOj as in Chdranthw ; but sometimes the valves 
are without partitions, and the pod consequently 
one-celled, as in the genus Isatis. 
Defioi- Akticl)£ 7- The Legume. — ^The legdme {PI VL 
Fig- 7-) is » dry and elongated pericarp, consist- 
ing of two valves with two opposite seams, to the 
one of which only the seeds are attached, as exem- 
plified in the Pea and Bean. It consists for the most 
part of one cell only, as in Lathyrus ; but some- 
times it consists of two cells, as in Astragalus; and 
sometimes of many, as in Lotus. It is one-seeded, as 
in TrifoUum procumbens; two-seeded, as in Trifth 
Hum Jragiferum ; or many-seeded, as in Pisum. 

Its figure is oblong, as in Ulex; or cylindrical, 
as in Orobw ; or compressed, as in Hippocrepisj 
or rhomboidal, as in Ononis ; or gibbous, as in 
Astragalus; or spiral, as in Medicago; or inversely 
heart-shaped, as in Polygala. The substance of 
the legtime when ripe is membranaceous, as in 
Medicago ; or leathery, as in Vicia ; or firm and 
woody, as in Mimosa. The surface is smooth, as 
in Lathyrus Nissolia ; or rough^ as in Lathyruf 
hirsutus. 

Such is the general character of the legtime; 
but there is also a peculiar variety of it which, 
though externally forming longitudinal sutures, to 
one of which only the seeds are attached^ does not 
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yet open longitudinally by means of two genend 
valves; but transversely, by means of joints, each 
joi^it forming a cell that contains one seed, which 
is finally extricated by the opening of the indivi- 
dual joint when detached. This variety of the 
legume is regarded by Wildenow as constituting a 
distinct species of pericarp, designated by the n^me 
of Lomentum.* But it is a distinction to which v \ 
it seems scarcely entitled. 

AaTicue 8. The Strobik.-^The strobile or cone Defini- 
(P/. VI. Fig. 8.) is a tough and woody pericarp ^^^' 
consisting of the general receptacle and indurated 
scales of the catkin. In some cases however, as 
in Pinus Larir, the scales are rather leathery than 
woody ; and in others^ as in Pinus syhestrisy they 
are beset with tubercles. Under each scale there 
is lodged one or more seeds or nutSj in which the 
seeds are contained. The figure of the' strobile is 
generally conical or cylindrical, as in most species 
of Pinus ; but; SQipetin^es also it is spherical, as ia 
the Cedar. # 

In the mature st^te of the fruit the scalesj^ whiph 
are now closely imbricated, cover the seeds or puts 
SQ completely as to assume the appearance of form? 
ing only one compact v^hole, and thus the strobile 
hangs upon ^he tree during the \vhole of (he vyinter 
season, protecting the enclosed seeds; but the heats 
of the succeeding summer have no sooner arrived 
tb^n the scales, formerly close and compact, begic^ 

f PrincofBot. P.11K 
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now to shrink and separatej detlMrhing themselves 
from one aliother by the whole* of their connected 
surftoe> and thus foraging a passage for the dis« 
charge of the seeds. 

aUBSBCTION II, 

Dcfini- The Seed. — ^The seed is the last and most noble 
part of the fruit contained within the pericarp, and 
containing the rudiments of a new plant, similar 
to that from which it has sprung. In the Pea and 
Bean it is that part of the fruit which is eaten. In 
thie Apple it is that part which is rejected^ and lodged 
within the core. 

Figure. The figure of the seed, like that of the fruit and 
flower, is very much diversified ; but it is often glo- 
bular, as in (he Pea ; or egg-shaped, as in A/ope" 
curus ; or oblong, as in Valerian; or cylindrical, 
as in Pinguicula ; or angular, is in Cyclamen ; or 
heart-shaped, as in Viscum ; or kidney-shaped, as 
in Galium''^ or crescent-shaped, as in Hydrocotyle ; 
or lenticular, as in Linum; or acuminate, as in 
Herniaria ; or emarginate, as in Peucedanum. 

Sifc. The size of the seed is also very much diversi- 

fied, but Gsrtner has established four cardinal 
sizes, to which the rest may be referred as to d 
standard.* 1st, ITie first si2e includes all seeds 
exceeding an inch in diameter, whether in length 
or breadth, as in Lontarus maldvvica, and the 
Cocoa-nut : such seeds are of the first magnitude, 

 Gsert. De Sem. Introd. 
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and are said to be large. 2d, The second size in- 
cludes all seeds from^ an inch to two lines in lengthy 
that is not larger than the Hazle-nut, nor smaller 
than Miilet^seed : such seeds are said to be of the 
middle size. 3d, The third'size includes all seed^ 
from two lines in length down to half a line^ as in 
the BelUflower and Poppy-seed : such seeds are said 
to be small. 4th9 The fourth and last size includes 
all seeds smaller than any of the preceding, as 
those of the Orchis, which resemble particles of 
fine dust or powder: such seeds are said to be 
minute, and are sometimes also said to be scrobi* 
culate, that is, like fine saw-dust. 

The surface of the seed is smooth and shining, Sarfaix. 
as in Linum ; or furrowed^ as in Ftnea ; or 
Wrinkled, as in Dianthus inodorus ; or rough and 
tubercled, as in Cynoglossum ; or woolly, as in Ta- 
marLv ; or villose, as in the Rose ; or beset with 
prickles, as in Caucalis. 

The colour of the seed seems susceptible of the Colonr. 
same modifications of shade with that of the flower 
and fruit, though it is not in general either so fine 
or so brilliant, being frequently of a dull red or 
yellow; or of a rusty or Chesnut hue. But in 
Caiv it is of a bright snow-white ; in Paonia it is of 
a de^p black or purple ; in Croton cyanospennum 
it is of an azure blue ; in Abrus precatorius it is of 
a rich scarlet ; and in the Kidney Bean it is beauti- 
fully variegated. 

The direction or position of the seed, with regard PoBition. 
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to t^)c pericarp containing it, is either upright, that 
is attached by its own base to the base of the fruit, 
as in the Grape ; or inverted, that is having its base 
so placed as to face the apex of the fruit, as in th^ 
prune ; or horizontal, that is attsiphed by its side 
apd situated at right angles to the base of the fruit, 
f» in Crown Imperial ; or pendant, that is suspend- 
ed from the apex of the fruit or pericarp by a long 
thready a? in the Ash. (JP/, VL Fig. 1.) 

Sessile or If the s^d is placed immediately upon the pla-- 

T*^^' centa or receptacle, as in Bugloss^ it is said to be scs-^ 

sile ; if it is imbedded in a pulp, as in the Berry, it 

is said to be nestling ; and if it is attached to the 

receptacle by an intermediate substance it is said to 

.be pedicled, as in the Pea« 

The urn- The substance attaching the seed to the receptacle 
is generally of a thread-shaped figure, as in the Ash 
(P/. VI. Fig. 1.), and is by botanists denominated 
the Umbilicus or umbilical cord, from its analogy to 
the umbilicus of animals. Sometimes, howevct*, it 
is horn-shaped, as in Acanthus; or bristle-shaped; 
or down-like, as in EpilobiUm ; and sometimes it i$ 
a mere tubercle. 

The hi- On the surface of the seed and at the point of its 
attachment to the pericarp, whether mediate or im- 
mediate, there is always to befound a mark or scar 
{PL VI. Fig. Q.)y differing in colour and in grain 
from ^e rest of the surface. It is the scar left by the 
natural fracture of the umbilical cord. Linnaeus gave 
it the appellation of the Hilum, which it stili re- 
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tains.* Sometimes it is linear, bb \n Fraxlfmlla s 
sometimes it is oblong, as in the Bean ; sometimes 
it is concave, as in Hellebore; and sometimes it is 
convex, as in Euphorbia. Near to the Hilum there 
is also to be found in some seeds a minute pore 
or aperture, which however is not alwajrs discover- 
able without the assistance of a glass. But in the 
garden Bean it is distinctly perceptible to the naked 
eye; and was by Grew denominated i}[ie foramen. 

The Hilum is regarded by botanists as the base 
of the seed ; and the point opposite as the apex. 
But Gaertner has instituted also several other dis- 
tinctions as applicable at least to many seeds, and 
expedient to their description. Upon this principle 
.Gaertner discrimii^ates in seeds also right and left 
sides as relative to the foregoing parts, correspond- 
ing to the right and left sides of the animal body, 
as relative to parts analogous. 

The number of seeds produced by a single flower Numbec 
is eictremely different in different species. In 
some plants a flower produces only one seed, as in 
Staticc and Polygonum ; in some it produces two, 
as in umbelliferous plants ; in some three, as in 
Euphorbia ; in some four, as in plants with Labiate 
Jtawers ; and in some many, as in Ranunculus. 

But the great fertility of some peculiar species is 

altogether astonishing ; a single capsule of Tobacco 

often contains one thouland seeds. A single cap- 

' pule of Fapmer somniferumj or the White Poppy, 

•Pbil.Bot.sect.SS, 



IJ2 REPRODUCTIVE APPSNDA6XS. CHAP. ZV. 

has ]yen known to contain eight thousand ; * and a 
single capsule of the Vanilla from ten thousand to 
fifteen thousand.^f* A single stalk of Zea Majf^ 
will produce two thousand seeds ; ^ a single plant of 
Inula Heknium, or Elicaropane, three thousand ; 
and a single spike of Typha major, or Greater Cat*s^ 
tail, ten thousand. A single plant of Tobacco haa 
been found by calculation to produce the almost in« 
credible number of three hundred and sixty 
thousand ; || and a single stalk of Spleen- wort has 
been thought^ by estimation^ to produce at least a 
million of seeds. 



CHAPTER IV. 

RSPRODUCTITE APPENDAGES. 

s 

The reproductive organs, like the conservative 
organ39 ^ve often found to be furnished with various 
additional and supernumerary parts^ not at all es- 
sential to their constitution, because not always pre- 
sent, and hence denominated appendages. Many 
of them are precisely of the same character with 
that of the conservative appendages already describ- 
ed, except that they are of a finer and more delicate 
texture, and demand no particular notice at present. 

* Grcw's Anat. ' t Barton's Elements. 

% Lin. Phil. Bet. sect. 152. 

II Hkt. Plant. Raiy.lib»i. chjip«xii. 
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Such are the glands^ down^ pubescence, liaird^ 
thorns or prickles, with one or other of which the 
parts of the fructification are occasio^nally furnished. 
But others are ultogether peculiar to the reproduc- 
tive organs, and are to be regarded as constituting, 
iu the strict acceptation of the term, true repro 
ductive appendages. Some of them are feund to 
be proper to the iower, and others to the fruit; acH 
cording to which two^fold division I shall now 
proceed to consider -U^em. 



SECTION I. 

Appenda^^s of the Fl(W^r. 

The appendages proper to the flower are the in-Enimcra^ 
^rolucre, spathe, and bracte, generally designated by ^^°* 
the appellation of Floral leaves^ as being leaf'-like 
substances situated near the flower, though different 
in their colour, form, or substance, from the real 
leaves of the plant ; together with the nectary, and 
several other minute organs presumed to be nec- 
taries, though not certainly known to be so. 



SUBSECTION It 



The Involucre. — ^The involucre {PI. V, Fig. 9.) is Descrip- 
a floral leaf or assemblage of floral leaves, peculiar to 
the tribe of umbelliferous plants, and situated at the 
base either of the general or partial umbel, or a^ 

6. 
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the base of both. If it is situated at the base of 
the general umbel, it is a general involucre ; and 
if at the base of the partial umbel, it is a partial in- 
¥olucre« In some species it wholly surrounds the 
atem or peduncle in a ring or whirl, as in Daucus ; 
in others it surrounds it only by the one half, as in 
JEthusa. In the former case it is said to be com- 
plete ; and in the latter it is said to be dimidiate. 
Bi %vre» Its figure is generally strep-shaped, if consisting 
of one leaf; and if consisting of more than one leaf> 
the individual leaves are so. But sometimes the in- 
dividual leaves are also egg-shaped acute, as in 
Bupleurum ; and sometimes they are bristle-shaped, 
as in Cicuta. The structure of the leaves com- 
posing it is either undivided^ as in Caucalis ; or 
divided into several segments, as in Daucus, in 
which also they are edged with a membranaoeoua. 
border towards the base, and wing-cleft towards the 
apex. 

If it consists of one leaf it is said to be mono- 
phyllous ; if of two leaves it is said to be diphyl- 
laus } and if of many leaves polyphyllous. 
Bmided Linnseus veho adopted and introduced the term 
Mttsasa involucre, or at least the less harsh and wholly 
•*^** Latin term involucrum, at the suggestion, as it ap- 
pearsl of his friend Artedi, regarded the part desig- 
nated by it as a calyx remote from the flower, and 
peculiar to the umbel.* Analogy does not however 
justify this view of the subject, because the flowers^ 

« Phil. Bot. sect. S6. 
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of the umbel are not invested by the involucre lik6 
the flowers of plants, having confessedly a commoa 
calyx ; and because they are besides individually 
famished with a proper caljrx more or less con* 
spicuous, which renders the existence of a commoa 
calyx at least dubious, unless it is obviously sanc- 
tioned by the evidence of analogy, as in the genera 
DipMCus and Scabiosa. 

The involucre is therefore merely a leaf-like ap- 
pendage of the fructification^ and no part of the 
flower ; being regarded as such by Linnaeus only 
because, with Artedi, he believed it impracticable 
to characterize^ the difierent genera of the Umbtlli^ 
fera without its aid, and was consequently com- 
pelled to regard the involucre as a calyx, and the 
spokes of the umbel as divisions of a branched re- 
ceptacle, in order that he might apparently not 
transgress his own fundamental and golden rule of 
deducing the generic character exclusively from the 
parts of the flower and fruit ; which rule he trans- 
gressed in fact without any absolute necessity, the 
flower and fruit of the Umbellifera being found su& 
fioently adequate to the purpose of generic discrimi- 
nation, as well as the flower and fruit of other tribes 
of plants.* '. 

As Linnseus elevated the involucre of the Umbelli^ 

ftrtB to the rank of a common calyx, so M. Mirbel 

reduces the common calyx of compound flowers to 

the rank of an involucre.-f* But in the latter case 

* Smith's iD^rod. p, 31 !• t Anat. Veg. tome ii. p. 202, 
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the reasons hold gor^d for regarding the part in 
question as a calyx^ which in the former case were 
wanting. 

The aggregate florets of the compound flowers 
are closely invested by the common calyx, and the 
individual florets are^ at the same time, destitute of 
a proper calyic unless their down is such. M» 
MirbeFs supposed improvement therefore is an in«^ 
novation for which there is no good ground. 
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Descrip. The Spathc-^The spathe {PL IV. jFi^. 8,) is a 
floral leaf issuing from the upper extremity of the 
stem or scape^ and enveloping one or moi« flowers 
by the union or convolution of its edges, which open 
as the flower expands. The term is restricted by 
some botanists to such plants only as produce their 
fructification on a spadix, as the Arum and Palms ; 
but by others it is used with greater latitude, being 
applied also to the sheath which invests the unexpand* 
ed flowers of the Narcissus and similar liliaceous 
plants, in which applica]tion of the term there seems 
to be no impropriety. Linnaeus indeed regarded 
lund arranged the spathe as a species of caljrx ;* but 
for reasons analogous to those excluding the in- 
volucre from the rank of calyx, the spathe is ex« 
eluded from that rank also. 

Modifica* If it Contains but one flower, as in Narcissus 

tiODt. 

 Phil. Bot. sect S6, 
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poeticusj it is said to be proper ; if it contains more 
than ode flower^ as in Narcissus biftoruSj it is said to 
be general ; and if it contains an individual flower, 
which with itself is included in a general 6pathe> • 
it is then said to be partial. 

It is simple, that is without divisions, ois iti' ttfe 
Arum ; or divided into two, as in Crinum ; or divided 
into six, as in Hamanthus ; or imbricated, tbs^ is 
eonsisting of a number of scales overlapping each 
other^ as in the Plantain-tree. It ie one^al*ved anjd 
opening longitudinally on the one side> as in the 
Arum, in which it assumes, in its state of gneate^t 
expansioti, a sort of conical figure somewhat oucul- 
late ; or it is two-valved, as in Stratiotes^ in which 
eadi valve assumes a sort of concave and boot- * 
shaped figure somewhat compressed. It is leaf-likej 
as in Arum maculatum ; or petaloid, as in Arutn 
JSgyptiacum ; or membranaceous, as in Galanthus; ; l 
or woody, as in the Date-tree. It is deciduous, as 
in Allium vineale ; withering, that is fading with 
Che flower, as in Arum ; or permanent, that is rer 
maining unchanged till the fruit ripens, as in 
StratioUs. »• . ^ ♦. 

SUBSECTION III. 

The Bracte. — ^The bracte is a flottil leaf situated £)e8cn> 
on the peduncle or common axis of the fructifica- T^' 
tion, and often so near to the flower as to be mk^ 
taken at first sight for its calyx. This is particu- 
larly the case in the genus Nigella and some species 

VOL. I. N 
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of Helleborus, in which however it is known not to 
be a calyx from the protracted period of its duration, 
which is equal to that of the other leaves of the 
plant; whereas the c^lyx either hdes with the 
flower, or at latest wiien the fruit has reached ma- 
turity. If this observation is extended to other cases 
of doubt» it Will generally lead the inquirer to a cor- 
rect decision. 

But though the bracte is situated ier the moat, 
part on the stam or peduncle, yet there are cases in 
which it is situated also on the calyx, as in several 
species of Mussanda;* and even on the fruit 
itself, as in Mespilus gei^manica^ in which there is 
often to be found, besides the floral leaf oS the 
. peduncle, an additional floral leaf issuing out of 
the very body of the fruit, but generally towards 
the base. 

FigQK. ' The figure of the bracte is sometimes that of a 
calyx, as in Roy ma villosa ; or scale, as in Lanu 
ctra nigra ; or thorn, as in Atractylis canceUata ; 
or bottle, as in Ascium coccineum. But its general 
form and aspect is that of a leaf, though not always 

Gsloar. similar to the leaf of the plant. The colour is 
generally green, as in Hypoxia erecta; but it is 
also often tinged with a variety of diflerent shades. 
In Tilia europaa^ which afibrds at the same time one 
of the most singular and striking example of the 
. Inracte (PL \h Fig. 10.)j it is of a pale yellow ; in 
^'Sahia Jfforminum it is of a beautiful purple ; and in 

• Smith's InUoduction, p. S22. ^ 
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Bartsia coccinea it is of a bright scarlet^ giving it 
at a distance the appearance of a corolla. In some 
cases, as in Melampyrum aroensCj the lower bractes 
of the spike are green, and the upper ones coloured, 
passing, as it were, by a regular gradation from the 
real leaves of the plant to real bractes. 

The bractes are said to be solitary if there is only Solitary or 
one to each flower, as in Erica Daboecia ; or du-*°^'"* 
plicate if there are two to a flower, as in Rosa canina; 
or triplicate if three to a flower, as in Erica calif- 
cina; or multiplicate if .many to a flower, as in 
BartsiOjin which they are so numerous and so closely 
crowded tc^ether as to form a lai^ tuft or bunch 
at the end of . the ^tem. In their dimensions they 
are generally compared with the flower as a stand-* 
ard, and described as being longer, shorter, or of 
the same length. 

The floral leaves of the genus Euphorbia^ which 
have generally been regarded as constituting an in- 
volucre, because so regarded by Linnaeus, Dr. 
Smith seems inclined to transfer to the head of the 
bracte, because all species of Euphorbia are not um- 
bellate, and because there is no necessity for con- 
verting the floral leaves of this genus into a cglyx, as 
there appeared to be in some others, each individual 
.flower being uniformly furnished with a distinct, 
conspicuous, and proper calyx. This remark is 
su£Bciently to the purpose if the involucre is still to 
be regarded as a species of calyx. But if it is to be 
regarded as being merely a floral leaf, which it u^* 

N2 



i 



questionably is, it is but df little consequetitte 
Whetber it is called an involucre of a bfacte. For 
the sak^ of consistency, however, it might be called 
an involucre when the fi'uctification is umbellate^ 
and a bracte when it is not umbellate. 
Con- But the floral leaf of the genus Anemone has been 

wTth the styled also, by Linnaeus, an involucre, and with still 
mvolueie. j^gg propriety, as exhibiting in no species an umbel- 
late fructification, and having also the floral leaf, at 
least in one species. Anemone nemorosaf so precisely 
similar to the other leaves of the plant as to be dis- 
tinguishable only by situation. This therefore, 
according to Dr. Smith's suggestion, I would trans- 
fer to the head of the bracte without the slightest 
Scruple. 

SUBSECTION IV. 

Dcfini. ^<? Nectary. ^The nectary {Pi. IV. Fig. 1 1.) is 
***^°- an appendage of the flower attached for the most 
part to the corolla, and secreting or containing a 
honied juice. It may be exemplified in the horn- 
like process issuing from the base of the corolla of 
the Violet or Orchis. It assumes hbwever a great 
Variety of shapes and situations in diflbrent genera of 
plants. Sometimes it resembles a tube or cylinder, 
6r slipper, or cowl, or petal, or pore, or gland; 
sessile, as in Sinapis ; or supported upon a pedicle, 
as in Pamassia; and sometimes it is a tuft of hairs, 
or an assemblage of long and slender threads, or a 
small and minute scale. 
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When it ii not i^tti^cb^ to the corolla it is lonie^ 
tiines plac^ on the reqeptaclet^ 99 in Latkr^a ; or 
on tb^ oaJyji, as in Momifopai^ if the envelope qC 
that flower is it calyii ; or on the ^tap^qf , as in 
the Laurel ; or on the anthers, w in A^n<mthfr^ j 
or on the pi^tiU as in Ch§ir^ntbWn 

This appendage of the flpwer doe^ not seen to 
have attracted the notice of the betani9t9 of an* 
tiquity, at least a$ being a secretory enganj or the 
reservoir of a secreted fluid. The earliest notiee I Obsemd 
have met with on the sulflect is that of Malpighi^ pLhi, " 
who in speaking of the leaves of the flfwers, that fo^^^nj 
is the petals^ admires the singular and ourions eon^ VaUiant 
trivaitoe of nature in ftirnishing them with an «p^ 
paratus which be compares to the oavity of a shelly 
and in which there is deposited a honey,* 

But as botanists began to be more minute in t^eir 
investigational the nectary began also to be more a 
Aiibject; c^ remark. U w^ neict ngtieed end de^ 
scribed both by Tonrnefort and Vaillant, at leaat as 
it oocun in some peculiar species ; but was not yet 
designated by any proper name which it was per^ 
haps not thought of sufficient importance to merit. 
But Linns^us, who knew well how to appreciate its Named by 
real value, aa furnishing the botaniat with one of 
the best possible characters <^ generic diserimina- 
tion, applied to it the very appropriate name of 

* Mirsbile est quod natufa quasi cdnchas in florura foliis cxci- 
tavit quibus luel cpsto^ireN Annt. Piant. 4?^ 
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nectary. And yet no term he has introduced has 
been more severely censured hy contemporary 
and succeeding botanists^ upon the score of its 
having been made to include a variety of minute 
parts or organs not certainly known to discharge 
the functions of which it is descriptive. 
The Dame If it 18 necessary that a botanical term should 
p^'^ always express the use or function of the parts 
signified^ then the term nectary is not indeed quite 
so appropriate as could be wbhed, at least as it was 
used by Linnaeus^ who applied it unquestionably to 
a variety of parts or organs of which it cannot be 
certainly said that they secrete or contain a honied 
juice. But neither can it be positively said that 
they do not secrete it. The presumption then from 
analogy seems still to be in favour of the Linnaean 
application of the term. 

But it is not necessary that a botanical term 
should always, or perhaps even in any case, be de« 
scriptive of the thing signified ; otherwise botanists 
have sadly misapprehended the object of giving 
names to plants^ and have adopted a nomenclature 
that is almost altogether founded in error. There 
cannot therefore be any material inconvenience in 
using the term nectary as Linnaeus did, to signify 
all such supernumerary appendages of the flower 
as cannot be reduced to one or other of the fore* 
going heads. 

But as the term nectary professes to be descrip- 
tive> and is not in fact always strictly so, the best 
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means of avoiding even the slight inconvenience 
that may thus exist, at least as far as concerns the 
object of the present section, is, perhaps, that of re- 
garding the nectary as a generic term, and the dif* 
ferent parts or organs included under it as its 
species, arranged according to the degree of 
evidence by which they are either known or pre- 
sumed to be nectarous organs. 

Of nectaries known to secrete honey the principal Species 
species are glands, cavities, and pores. The floral secrete 
glands of Cheiranthus^ Brassica, Sinapis, an4 ^^^^* 
many other Cruciform Jhwers^ situated within the - 
shorter stamens, are indubitably secretory organs, 
and the fluid they secrete is nectarous. The cavities 
observable in the petals of Ranunculus, situated im« 
mediately above the claw, are also secretory organs, 
and the fluid secreted is nectarous. The pores 
observable in the petals of a variety of flowers, as in 
those of Hyacinthui orientalis, are said also to be 
lecretory organs and the secreted fluid often nec- 
tarous.* To these may be added the fleshy or ^ 
scale-like substances which surround th^ ovary in 
most plants of the &mily of the Proteacea, as cbarao- 
tended by Mr. Brown in his learned and ^laborati^ 
paper on that natural order.'f' 

Qf nectaries known to contain honey the princir Known to 
pal species are as follows The tube^ being ahon!^!^ 
tubular process issuing from the petal, as in Hele-- 
borus an4 Pelargonium ; or the tubular part of a 

* W\M» Priocip. Bot* t Trans, of Lin^ Soc, vx>U x. pt^ i. 
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monopetalous corolla, as in Lamum. The JjEwr, 
being ^ spur-shaped process issuing immediately 
from the corolla, as in Orchis ; or supported upon 
* a proper pedicle, as in Aconitum. The slipper^ 
being a petaloid process issuing from the corolla, 
and inflated in the form of a slipper, as in Cypri-. 
pediiim* 
Tnmmtd Of appendages presumed, from analogy, to be 
nectaries, but not certainly known to be so, the foh 
lowing species are the most distinguishable. 1 . Th« 
^aulf, being a small and flattened but somewhat 
oonvex process^ or several such processes oonjoined, 
originating at the orifice of a monopetalous and 
tubular corolla, and forming a sort of arch or vault 
which encloses or covers the stamens, as in common 
Comfrey and Alkanet. 2. The beard, being a tuft of 
fine hairs or bristles issuing in most cases frofh the 
calyx or corolla ; but sometimes from other parts of 
the flower atso, as in Thymus, Iris, Peripioca. 3. The 
torollet^ being a petaloid process of one or more 
pieces surmounting the corolla in the form of a lit- 
tle crown. In Narcissi it consists of one piece, 
which is somewhat bell-shaped, investing the 
stamens. In Slilene it consists of several pieces is- 
suing individually from the upper extremity of the 
elaw of each of the petals. 4. Threads, being long 
and slender processes issuing in great numbers from 
the base or receptacle of the flower, somewhat re- 
sembling the filaments of the stamens. In the 
Pto^ion-flower they issue from the base of the pistil 
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in three concentric circles, and form in their ag«- 
gregate aspect a triple crown of threads. 5. Scales, 
being minute and often membranaceous substances, 
of a scale-Uke appearance, found in the flowers of 
the Grasses, and distinguishable by their extreme 
fineness and transparency. 



SECTION II. 

Appendages of the Fruit. 

WHfiN the flower with its appendages has fallen, When not 
the ovary which is still immature is left attached"* " 
to the plant, to complete the object of the fructifica- 
tion in the ripening of the contained seed. If it is 
left without any extraneous or supernumerary ap- 
pendage, which is a case that often occurs^ as in the 
Cherry, Apricot, and Currant, the ft*uit is said to be 
naked. The naked fruit however is not to be con- 
founded with the naked seed, from which it is alto- 
gether distinct. For it is the want of a conspicuous 
pericarp that constitutes the naked seed ; but it is 
the want of an additional integument enveloping 
the pericarp, that constitutes the naked fruit. 

But all parts of the flower are not always decidu- Remnants 
ous, and it often happens that one or other of them flower. 
still continues to accompany the pericarp or seed 
both in its ripening and ripened state, constituting 
its appendage, and covering it either wholly or in 
part, or adhering to it in one shape or other. The 
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appendages of the fruit therefore shall form the 
subject of the two following subsections. 



SUBSECTION I. 



Appendages of the Ovary.— In strict propriety 
of language it has been already seen that the fruit 
consists merely of the ripened ovary and contained 
seed. But in a less rigid acc^tation of the term^ 
if any part of the flower happens to become per- 
sistent and so closely united to the ovary as to seem to 
forai a part of it, it alsQ is included under the notion 
of the fruit. It is plain however that this is merely 
by way of accommodation to vulgar opinion^ and 
that the parts in question are but the appendages of 
Being the the fruit. Thus the indurated scales of the catkin 
^"'*iT* for™*'*g tbe strobile of the Rr, the prickly calyx 
eoroUa. of the Chesnutj the corolla of the genus Rumex^ 
the coroUine valves of the Grasses with their awns, 
the nectary of ih^ Car ices , and the receptacle of the 
Strawberry and Fig, though generally regarded as 
forming part of the fruit, are but in fact appen- 
dages of the ovary. 

Coaling If the appendage investing the ovary covers it 
OT ¥ei ing gjjijj^jy^ ^^ g^ j^3 ^^^ ^l^g g^ylg ^jj|y perforates the 

covering, the fruit is said to be coated, as in that of 
the Hollyhock, which is coated by the calyx ; or of 
the Grasses, coated by tlie corolla ; or of the Carices, 
coated by the nectary ; or of the Fig, coated by the 
receptacle. If the appendage embracing the ovary 
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covers it only partially, the fruit is then said to be^ 
veiled, as in that of the Hazel, which is veiled by 
the calyx ; or of the Yew-tree, which is veiled by 
the receptacle. 

The fruit of Cyamus Nelumbo, which is also 
veiled by the receptacle, presents a very curious 
and singular spectacle in its ripened state ; the re- 
ceptacle, which is of an inversely conical figure with 
a broad and flat base, being excavated into a num- 
ber of small and hollow cells, in each of which is 
lodged a seed or nut protruding by its upper ex-^ 
tremity through the orifice of Its cell, and thus con- 
sequently veiled. But at the period of the maturity 
of the seed this curious and singular receptacle^ 
laden with fruit, separates from its supporting stalky 
and floats down the stream in which it grew ; the 
seeds often germinating, and the young' plants 
shooting as it floats along, giving the whole a slight 
or fancied resemblance to a Cornucopia. And 
hence, perhaps, the origin of its mythological 
celebrity, having been regarded among ancient and 
eastern nations as the emblem of fertility.* 

Some ovaries, in other respects naked^ are coated Bloon. 
with a peculiar sort of substance, called the bloom 
of the fruit ; this is very distinctly observable in 
most species of Plum, resembling a fine powder 
sprinkled over the surface of the fruit, and very often 
tinged with a shade of delicate blue. If viewed 
through a microscope, while yet attached to the 

• Smith's Exot. Bot No. 7. 

8 
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QVSLvy, it gives the surikce of the fruit a dotted ap^ 
^;)earance ; but if part of it is scraped off and thea 
put under the microscope, it assumes liie appear* 
ance of clusters of grains of fine white sand, so that 
it probably borrows its colour merely from the 
inner part of the iFruit, or from the arrangement of 
its particles which is now destroyed. It i$ easily 
rubbed off with the finger, but it resists the moat 
violent rains, being somewhat of a glutinous con- 
sistence, which fits it no doubt both for adhering 
to the fruit, and for repelling moisture. 

In some fruits also, though strictly and literally 
naked, as in the case of the Apple and Pear, th^ 
flower-stalk, ultimately the fruit-stalk, reviaips at- 
tached to the ovary even after it separates from the 
plant, and forms its appendage. Sometimes tlie 
appendage consists of the persistent style, w iq 
Hellcborus and Nigellaj in which case the fruit 
or ovary is said to be beaked; and sometimes it is a 
wing-like, or crest-like, process issuing from the side 
or apex, as in Fraxinus and Hcdysarum Crista 
Gain, in which case the fruit is said to be winged 
or crested. 

SUBSECTfON II. 

Speciei. Appendages of the Seed.^Th6 appendages of 
the seed, like the appendages of the ovary, are 
such supernumerary parts or integuments as are 
found to accompany or invest it occasionally^ either 
wholly or in part, beyond th^ usual complement 



«&CT» n. APPENDAGES OF tH£ FRUIT. 18^ 

of integuments eotnmon to deeds in general, and 
ere conse^jiliently not essential to the idea of a seed. 
The Stewing different species are generally enu- 
fnerated by botanists : the pefliele, the aril, the 
down, the tuft, the tail, the beak, the wing. 

The pellide, or setTiinal epidermis of Gaertner, The pel- 
h a fine and transparent membrane, investing ami 
concealing the proper surface of the seed, and ap- 
parently so identified with its substance, as to be 
not tcry easily discovered. It is exemplified in 
the seeds of Salvia and Convolvulus, in which 
last it is said to be covered with a sort of down.* 
Its adherence to the seed is so complete that it 
ftevef separates spontaneously from it, but may b^ 
detached from it by putting it into water, in which 
k becomes mucilaginous. The same effect takes 
place also in the process of germination, as may be 
aeen in the case of the germinating seed of the 
Fir, or, perhaps, of any other seed furnished with 
the pellicle in question. 

The aril is a tunic or coat formed by an expan- Tlie aril, 
sion of the umbilical cord, and proper to an in- 
dividual seed, which it invests either wholly or in 
part, though not adhering to it closely except by 
the base, and detaching itself at last spontaneously. 
It is elegantly exemplified in the outer and orange- 
coloured coat of the seed of Evonymus europaus, 
that presents itself so conspicuously to the eye 
when the valves of the capsule have opened. In 

* Smith's Introduction p. jgff. 
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this case it invests the seed wholly, and is hence 
said to be complete ; but in others^ as in Cehutrus, 
it invests it only in part, and is hence said to be 
dimidiate ; in Dictamnus FrasineUa, it is said to 
invest two seeds. It is generally of a meioiibra* 
naceous or leathery sort of contexture, but in the 
genus Evonymus it is somewhat succulent ; and ia 
a few species of Orchis it resembles a finely reti- 
culated web. In the genus Oxalis it is membra- 
naceous and elastic, ejecting the ripe seed with con- 
siderable force.* 
or the The mace which envelopes the pericarp of the 
nutmeg. J^^tQ|Qg^ sQ much esteemed for its delicate flavour 
and relish, is generally regarded by botanists as aa 
aril; and the envelope of the seed of the carez^ 
which Linoxus calls the nectary, is by Dr. Smith 
transferred to the head of the aril also. But if the 
foregoing definition is correct, and it includes, as 
I think, the essential characters of the aril, as de* 
fined both by Linnaeus'f'and Gaertncr;}; as well as 
by Dr. Smithy himself, then it follows that the 
two above-mentioned organs are improperly deno- 
minated arils, as including not only the seed but 
also the ovary, in which, according to the definition, 

* Smith's Introd. p. ^^. 

t Arillusy tunica propria exterior seminis, sponte secedens. 
Phil. Bot. sect. 86. 

X De Seminibus. Introd. 

§ Arillus, the tunic, is either a complete or partial covering of 
a seed fixed to its base only, and more or less loosely or closely 
enveloping its other parts. Introduction, p. 29^. 
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the aril should be itself contained. The impro- 
priety therefore of including the organs in question 
under the bead of the aril is evident, at . least till 
botanists shall have given more latitude to their 
definition of the term* 

The down is a fin^ and hair-like, or plunie-likc. The 
thoo^ sometimes bristly and chaff-'like substance, 
surmounting the seeds of compound flowers. It is 
either sessile, that is, situated immediately upon 
the summit of the seed, as in Hieracium ; or sti- 
pitate, that is, supported upon a . pedicle, as in 
Lactuca. In its structure it is either simple, that 
is, having the individual hairs undivided, as in. 
Sonchus ; or branched, that is, having the indivi- 
dual hairs divided, as in Picris. In the DandeKon 
and Tragapogofif in the former of which it is hair- 
like, and ia the latter feathered, but in both stipi^ 
tate, it expands horizontally after the decay of- the 
corolla^ the individual hairs assuming the appear- 
ance of the radii of a circle or spokes of a wheel ; 
and their aggregate assemblage, as attached to the 
diflerent seeds^ assuming the appearance of a lai^ 
and globular ball terminating the scape. 

The down is generally regarded as being the 
proper calyx of the individual floret of the com- 
pound flower, as well as constituting ultimately an 
appendage of the seed. And though in all cases 
its resemblance to a calyx is moro fanciful than 
real, and in most cases altogether dissimilar, yet . 
in several genera^ as in Helianthus^ Dipsacus, and 
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SMbH^sa, k does certiiinly ^omcrivhat approiGh the 
^diiracteir of ft calyit, though itiU diaff-like imd 

The tuft. The tuft id alio a hair^lik^ or pluttie^like appen- 
dage, resembling the down in form and rahetanoe, 
Imt differing from it in origin and Bitnation. Seeds 
aurmounted with a tuft are always enclosed in a 
pericarp, as in Epilobium and Asckpiui^ which 
afford good example for illustration ; but seeds sui^ 
tlioanted with a down have no pericarp. 

The uil. The tail is an elongated and featherJike appen- 
dage, surmounting, as in the case of the down and 
tuft) the apex of the seed, but formed of the per* 
sistent style. It is exemplified in the seeds of 
Cl€tMtis\Pl VI. Fig. 12) and Ammone PukatUk^ 
in tlie former of which it is twenty times longer 
than the seed. 

The beak. The beak is an elongated appendage, formed dlsb 
of the persistent style^ but not feathered. It ts 
exemplified in the genus Scandix and CBnanihe, 
and several other of the Umbellifera. 

The The wing is a broad and inembranaceous ap- 

pendage issuing from the side or apex of the seed, 
but sometimes also surrounding the margin, ft is 
either solitary, as m Swietenia; or in pairs, as in 
Thapsia ; or in threes, as in Moringa ; or in fourS^ 
as in Buck-wheat. If it is attached to the margin 
it is entire, as in Allamanda; or emarginate) as in 
Syringa ; or boat-shaped, as in Marigold \ or Mil- 
tered^ as in Cyn^ghs^um ^mphidode^^ 



wing. 
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There are also several other appendages that oc-Mbcella- 
casionally accompany the flower, fruit or seedj^^j^^ 
less conspicuous perhaps, but not less worthy the 
attention of the botanist, as. furnishing him with 
characters equally subservient to the purposes of 
generic or specific discrimination, * at least when 
used with discretion.* Such is the pubescence of 
the flower or fruit, and fine and wooKUke hairs 
which sometimes invest or attach to the seeds, as 
in the case of Eriophorum and Scirpus^ and which 
are different in their origin and situation both from 
the down and tuft, such as. the prickles arming the 
seeds of the genera Caucalis and Daucus, and the 
;gland-lUce substance situated. near the scar of 0ome 

r 

f^eda, a|i , in the genera Ulcr ^nd J^rtium. 

* Lio. Trans, vol. x. p. 25. 
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CiUedaiio Imperfect plants are plants defective, or ap. 
mowj parently defective, in one 61r other of the more 
^ ^' conspicuous parts or oi^ns, whether consenratiye 
oi^ reproductive, belonging to vegetables in general ; 
such as the root, stem, leaf, blossom. Linnseus 
characterized them By the appellation of cr3rpto- 
gamous plants, because their organs of fructification 
are not yet detected, or are so very minute as to 
require the aid of the microscope to render them 
visible. TV> this, circumstance, perhaps, as well as 
to the apparent insignificance of many of them in 
the scale of vegetable being, we are to attribute the 
reluctance vnth which botanists seem to have en- 
tered upon th^ study of them, and the great ob* 
scurity that still envelopes the subject. Not that 
the subject has been left altogether n^lected ; but 
that it presents unusual difficulties, tetarding in- 
deed the progress of inquhy, 'but enhancing the 
merit of the sedulous inquirer ; as may be 'exem* 
plified in the case of Dillenius, Michelli, BuUiard, 
and above all, in that of the illustrious Hedwig 
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(born, as it has been said, to abolish cryptogamy)) 
each of whom acquired his celebrity from the 
depth or accuracy of his investigation in this 
obscure and difficult department of botany^ 

As in the perfect plants, so in the impet*fect Dmtible 
plants, the eye readily recognizes traces of a simili* or families. 
tttde or. dissimilitude of external habit and deport- 
ment characterizing the difierent individuals of 
which they consist, and suggesting also the idea of 
distinct tribes or families. And upon this principle 
difierent botanists have instituted different divisions, 
more or less extensive, according to their own 
peculiar views of the subject. But one of the most 
generally adopted divisions of imperfect plants is that 
by which they are distributed into Ferns , Mosses^ 
H^atica, Alga, Fungi; according to which several 
heads I shall now institute my dedcriptioti of their 
external structures. 



CHAPTER L 



FERNS. 

are herbaceous, and for the most paftDeserip- 
stemless plants, dying down to the ground iti the hMMs. 
winter, but furnished with a perennial root from 
which there annually issues a iroiid bearing the fruc- 
tification. The favourite habitats of many of 
them are btttfas aud uncultivated gipunds inter- 

02 
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mixed with Furze and Brambles ; but the habitats 
of such as are the most luxuriant in their growth, 
are moist and fertile spots, in shady and retired 
situations, as on mossy dripping rocks, or by 
fountains and rills of water.* Some of them will 
thrive even on the dry and barren rock, or in tlie 
chinks and fissures of walls ; and others, only in 
wet and marshy situations where they are half 
immersed in water. 



tioDS. 



SECTION I. 

Conservative Organs. 

Modifica- The Root. — ^The root of the family of the Ferns, 
as most other natural families, assumes very different 
aspects in different species. In Osniunda Lunaria 
it is fibrous, the fibres being but few* In Aspk- 
nium Trichomanes it is also fibrous, the fibres being 
numerous and closely matted together. In Aspi-- 
dium Filix-mas it is at first also merely fibrous, but 
is converted in the process of vegetation into a large 
caudex, of which the fibres seem to be only appen- 
dages. In Asptdium dUatatum it is tuberous ;*f* 
and in Polypodium vulgare it is creeping and 
covered with scales. In Pteria aquilina or com- 
mon Brakes, it is sometimes described as being 
spindle-shaped, % but this is evidently not the fact. 

* Withering, vol. i. p. 355. 

t Smith's Flor. Brit. p. 1 125. . % Ibid. 1 13^. . 
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If a frond of this Brake is taken and pulled up with 
the handj the lower extremity which is black an^ 
discoloured by having been partly sunk in the 
earthj and to which some small fibres are occasion- 
ally attached, is apt to be mistaken for the root^ 
and has, I presume^ been often mistaken for iu 
But the real root from which the frond has beeq 
thus detached still remains in the soil, extending 
itself in a horizontal direction, at the depth of from 
three to four inches below the surface, sometimes 
simple and sometimes branched, but always fur- 
nished with lateral fibres. Its thickness is about 
that of the lower part of the frond, the surface 
being of a dark and dusky colour partly covered 
with a velvety sort of down, and the frond issuing 
from it sometimes in clusters, but generally at con- 
siderable intervals. To what length an individual 
root may thus extend itself I have not yet been 
able to ascertain ; but I have often taken up por- 
tions of root measuring from eighteen to twenty 
inches. 

The Trunk. — In some Ferns the trunk is a cylin* Modifi. 
drical and upright stem ; composed as it were of ^"'' 
several tubes inserted into one another by the ex- 
tremities, the insertions forming knots or joints, as 
in those of the straw of the Grasses ; sometimes 
simple and sometimes branched, as in the genus 
Equisetum. In others the trunk, which is also a 
jointed stem, is weak and trailing, striking root at 
the joints, as in Pilularia. In the genus Lycopodium 
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it is lash-shaped and creeping, though sometimes 
erect at the extremity. But in most of them, that 
is in the frond hearing Ferns, the trunk, if trunk it 
cat! be called, is a stipe supporting the frond, if it is 
not rather to be regarded as the base of the frond 
itself, and the ^ant altogether stemless. In Po/y- 
podium Dryopteris it is long and slender, if com- 
pared with the upper part of the frond ; in P^fy-- 
podium calcareum it is short ; in AspUnium Tri-- 
chomanes it is cylindrical ; in Pteris aquiUna it is 
flattened on the one side ; in Adiantum CapUlus 
Veneris the surface is smooth ; and in Aspidium 
Filix^mas it is chafly or beset with scales. 

JModiS- The Branch. — Ferns, in general, are not furnish- 
puoos. ^j ^j^i^ ^^^ p^^ ^Ij^j ^^ correctly be called a 

branch ; though some Ferns are furnished with 
parts which are generally designated by that name. 
1 believe they are peculiar to the genera Equisetum 
and Lycopodium; in the former of which they issue 
A-om the stem in whirls situated at regular intervals, 
and are in their structure similar to that of the stem 
itself, as being composed of a succession of dis- 
tinct and tubular pieces inserted into one another. 
In the latter they do not originate in any regular 
order, but are also in their structure similar to that 
of the stem. 
Figure aod The Leaf. *^The leaf, like the branch, is not in 
tion. general to be found in the tribe of the Ferns, at least 
as a separate and distinct orgdn. But leaves are to 
be found in the genus Lycopodium^ in which they ar^ 
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generally of a strap-shaped figure, scattered pro- 
miscuously over the stem and branphy wd often so 
closely crowded together as to overlap one another 
like die tiles of a house. 

The Frond.'^The most general feature characterize Defini- 
tag the growth and habits of Ferns is that of the frond^ ^^ 
being an incorporation of the leaf, branch, and 
ftipe, as in the genus Scolopendrium. In the early 
stage of its growth the apex is in most genera rolled 
inwards like a scroll, forming a number of convoluted 
curves, which are unfolded as the plant expands, the 
figure of the frond being ultimately lanceolate, as in 
Aspidium Lonchitis ; or deltoid, as in Asplemum 
Adiantum nigrum; or oval, as in Ophiogloswm 
wlgatum^ and its position erect, as in Asplemum 
Mptentritmale ; or spreading, as in Aspidium dila- 
Jatum. It is also simple, that is without divisions, as Modifier- 
in Ophioghssum, or wing-cleft, as in Polypodium ^^' 
mtlgare ; or winged, that is either simply, as in 
Osmunda Lunaria^ or doubly, as in Osmunda 
regaliSi the wings being also either opposite, as ii^ 
Asplenium Trichomanesy or alternate, as in Aspi* 
dium FUixrmass and the portion of the frond to 
i^rhich they are attached being, as in the case of 
the fructification of the Grasses, denominated the 

Jtachis. 
. Its magnitude, at least as regarding British 

species, is from a span in length, as in Cyathea 
fragilis, to three ox four feet, as in Ptcris aqmUna ; 
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but of flome of the j^otic sfMecies the height id 
^id to be upwards of ten feet. 



SECTION IL 

R^roductive Organs. 

As Ferns are destitute of conspicuous flowers^ so 

{hey were at one time thought to be destitute also 

of seeds^ and propagated nobody knows how. 

Hence the common opinion so prevalent in ancient 

Fem-sced times with regard to the non-entity,* or the tnvisi^ 

bea"non- Khty-f- of Fem-sced ; an opinion that is scarcely 

«»^^y* feyejj jibw exploded among the vulgar, though dc- 

ttionstrated by botanists to be totally erroneous ; 

the fruit or seed of Ferns being not only visible to 

the naked eye, at least in its aggregate mass 6s re* 

suiting frotci the mode of rnfforescence affected by 

different genera, but even the individual seeds by 

the assistadde of the microscope. The forUKfr must 

have been often seen, though evidently tiat attended 

to, by ancient botanists ; and the latt^ are said to have 

Discover- been first discovered by Cole and Swatfimeirdlim 

ed. 

-about the year I670, as well as distinguished from 
the capsules in which they are contained. 



 IwtffiM A tiw i;^i. Theoph. Hip ^m t#. I. 
t GadihiU. We have the receipt of Fern-seed— -wo walk iri- 
viable, lietu IV. Part 1. Act I. Seeiie I. 
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It was still possible, however, that these nata- Made to 
raltsts might have been mistaken, as Ferns had not 8""^»"«^ 
yet been propagated by the sowing of their seeds. 
But the experiment was at last instituted in the 
year 1789 by Mr. J. Lindsay of Jamaica, as also 
about the same time by Mr. J. Fox of Norwich. 
The result was in each case conformable to ex* 
pectation^ and Ferns were obtained from both 
sowings.* 

The reality of Fern-seed being thus evinced, the Presumed 
next object of the cryptogamist was that of the nateln * 
discovery of the parts of the antecedent flower, ^°'^^"' 
the existence of which was inferred from analogy. 
But in pursuit of this object it cannot be said that 
cryptogamists have been hitherto so successful 
as one could wish. For although Hedwig, that 
most able and accurate of all cryptogamic investi- 
gators, has indeed detected the parts of the flower in 
a variety of genera, or, at least, organs which he 
presumes to be the constituent parts of the flower ; 
yet there seems to be still some considerable degree 
of doubt among botanists with regard to the value 
of some d£ his conjectures, and a consequent waAt 
of acquiescence in the legitimacy of some of his 
conclusions.*^ 

But where the parts of the flower have not yet Modes of 
been detected, the botanist can^ at least, direct his tion. 
attention to the mode of fructification, and to the 
fruit produced. 

* Lm. Trans, vol. ii. f Smith's Introduc. p. 488. 
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Radical. In some genera the fructification is radical, that is 
placed upon or rather near the root, as in Piluiaria 
(^Pl. VII. Fig. 1.) and Isoetes, which are generally 
regarded as Ferns, though the parts of the flower 
are so obvious as to render it doubtful whether they 
should not be transferred to the class of conspicuous 
flowers, rather than to that of the cryptogamic* 
In the former the flowers issue firom the bosom of the 
leaves, which are radical, and consist of a recepta- 
cle or calyx, anthers and pistils, ascertainable by the 
aid of the microscope, 'f' the seeds being small and 
globular bodies lodged in the receptacle, and covered 
with a fine membrane. In the latter the flowers 
are immersed in the base of the leaf or frond, and 
consist also of a receptacle or calyx, anthers and 
pistils, ascertainable by a good magnifier, the 
seeds being small and globular bodies lodged in i| 
capsule, "j^ 

Axaiary. In the genus Lycopodium (PL VII. JFV^. 2.) the 
fructifications are axiilaiy, that is issuing from the 
axils of the leaves, though exhibiting, as I believe 
even according to Hedwig, no parts analogous to 
stamens and pistils, but consisting ultimately of 
kidney-shaped capsules, containing many minute 
seeds. 

Terminal. In the genus Equisetum the fructifications are 
terminal, consisting of a succession of whirls of 
target-shaped substances attached horizontally and 
condensed into a club-like spike terminating thp 

« Smith's Introd. p. 4SS. t Hedwig. % Witbering. 
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Stem ; the targets being considered by Hedwig as 
forming each .a caljrx^ to the under surface of which 
are attached several tubular cells^ containing 
stamens and pistils^ and ultimately, upon becoming 
capsules^ containing the seed. In Ophioglassum 
and Osmunda {PI. VII. Fig. 3.), in which the fruc- 
tifications are also in spikes, issuing from a frond^ 
Hedwig has discovered what he regards as both 
stamens and pistils. The capsules, however, are 
easily discerned, being of a globular figure arranged 
in two rows, and opening crossways when ripe 
with many minute seeds. In the former the spike 
is simple, in the latter it is branched^ 

But in by far the greater number of Ferns the Dorsal. 
fructification is dorsal, that is scattered in clusters 
or patches on the back of the frond, as in the 
genera Pteris SLtid Scolopendrium (P/. VIL Fig. 4.), 
which together with their congeners are generally 
designated by the appellation of Dorsiferous Ferns. 
In these also Hedwig discovered what he believes to Conjec- 
be the parts of the flower, not indeed including any Hedwig. 
thing like calyx and corolla, but stamens and pistils 
only, its primary and radical parts. If a frond of 
any of the dorsiferous Ferns is taken at a very early 
period of its growth and carefully unfolded, there 
may be seen with the assistance of a good miscro- 
scope, dispersed over its under surface, but chiefly 
over that of the midrib, and sometimes also over tbe 
upper surface, a number of small globular bodies, 
yif^kh when put joto a drop of water and placed 
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unddr the highest magnifier, are found to consUt of 
ft small pedicle supporting a minute globule filled 
with a granulated mass. These Hedwig regards 
as stamens,* partly from the analogy of their figure, 
ftnd partly from their disappearing in the mature 
state of the plant as the stamens in other plants dis- 
appear before the fruit ripens. The pistils h^ 
describes as globules sitting or supported upon pedi- 
cles, which are ultimately converted into the 
capsules that contain the seed ; but without specie 
fically determining the stigma, 
or Bern- The above conjecture may, perhaps, be the fact, 
but must not \fe implicitly relied on, at kast till sup- 
ported by further evidence. And botanists do not 
indeed seem to r^rd it as of much value. B^rn- 
hardi, a later writer than Hedwig and an observer of 
great known accuracy, has introduced a different 
hypothesis founded upon a different view of the 
subject. He regards the white speck discoverable 
on the upper sur&ce of the frond, which is opposite 
to the black spot or patch on the under surface, as 
the stigma of the dorsiferous Ferns, and the small 
globular bodies situated on the edge of the frond as ^ 
the stamens. I am not acquainted with the reasons 
on which this conjecture is founded, not having 
seen Bernhardi*s paper on the subject, but there 
seems a plausibility in it beyond that of Hedwig's, 
which, whether it is founded in truth or not, future 
observation must be left to decide. But if the fact 

•• • Theoria Ff uct. 

3 • 
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were even decided, still it would be but of little 
practical utility to the botanist irom the extreme 
minuteness of the parts, and consequent difficulty 
of observation, rendering them wholly unfit for the 
purposes of generic distinction. 

The fruit is, indeed, discoverable individually by Institu- 
the aid of the microscope, consisting for the most generic 
part of a capsule surrounded by an elastic and ^^"^ 
jointed ring opening transversely when ripe, and 
discharging the seed, which is a small and minute 
globule. But even this has been found insufficient 
for the purposes of generic distinction, the fruit of 
almost all the Dorsiferous Ferns being so nearly 
alike as to present no essential character sufficiently 
striking ; and the situation and figure of the a^re* 
gate mass of fruit as assumed by Linnseus, being, by By Lin- 
itself, at least defective.* 

But besides the capsule already described as con^ 
taining the seed, the fructification of the dorsi- 
ferous Ferns is also generally accompanied with an 
additional integument, called th6 Indusium. This 
is a thin and membranaceous substance covering 
the groups of capsules till the period of the matu- 
rity of the seed, each group having its separate m- 
dusium, originating for the most part in the nerves 
or veins of the leaf, but sometimes also in the mar- 
gin* In some plants it is circular, in others longi- 

• Smith's Tracts, p. 219. 
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tadinal ; in some it consists of one valve and in 
others of two valves, which at the period of the 
* maturity of the seed burst or open, sometimes 

towards the nerves and sometimes towards the mar- 
gin ; but in plants of a similar habit uniformly in 
a similar manner. The merit of the discovery is due 
fi^ Sir J. exclusively to Sir J. £. Smith, the learned president 
"^^ ' of the Linnaean Society of London, who has found 
it to be a most decisive criterion for the determining 
of natural genera, and the only sure ground on 
which the botanist can rely.* In his luminous and 
masterly Essay on the Genera of Dorsiferous 
Ferns, as also in his Flora Britannica, he ap- 
plies to the integument in question the term in- 
voiucrum, which is no doubt equally appropriate 
with indusium ; but as the former term is already 
pre-occupied in the description of umbelliferous 
plants, it cannot with propriety be introduced into 
the description of Ferns. 



CHAPTER IL 



MOSSES. 



Their The Mosses are a tribe of imperfect plants of a 

small and diminutive size, consisting of^ merely 
of a root surmounted with a tuft of minute leaves ; 

 Smi Ik's Tracts, p. W. 
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irom the centre of which the fructification springs^ 
but furnished for the most part with a stem and 
branches on which the leaves are closely imbricated, 
and the fructification terminal or lateral. They are 
perennials and herbaceous, approaching to shrubby ; 
or annuals, though rarely so, and wholly herbace- 
ous, the perennials being also evergreens. 

Their most favourite habitats are bleak and barren And haln* 
soils, such as mountains, heaths, woods^ where they 
are found not only rooted in the earth, but attached 
also to the roots and trunks of trees, and even to 
the flinty rock ; or immersed in bogs and ditches, 
or floating, tiiough fixed by the roots, in streams of 
running water. As they affect the most barren 
soils, so they thrive best also in the coldest and 
wettest seasons. In the drought of summer they 
wither and languish ; but in the more moderate 
temperature of autumn they begin to recruit, so 
that even the chilling cold of winter that deprives 
other plants of their verdure and foliage, and 
threatens destruction to the race of vegetables, tends 
but to refresh and revive the family of the Mosses. 
Hence their capacity of retaining moisture for a 
great length of time without discovering any ten^^ 
dency to putrefaction, and of recovering their ver- 
dure when moistened with water, even after having 
t>een completely dried and kept in a dried state for 
many years. From the extreme minuteness of 
their parts they are apt to be overlooked by the 

5 
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superficial observer or di^^rded by the novice in 
botany^ who is attracted, perhaps^ only by what is 
specious in the pbnt or flower^ \mt who^ when the 
desire of botanical knowledge shall have inspired 
him with a relish for microscopical observation^ will 
find the study of the Mosses to be no less interest- 
ing than that of the more perfect plants^ and the form 
and texture of their ports to be no less beautiful 
and elegant than that of the most gaudy flowers. 



SECTION L 



Conservative Orgam. 



Modifica- The Root. — ^The root is generally composed of a 
number of small and slender fibres closely matted 
together^ as in Tetraphis viridula ; or it sends down 
a thread-shaped caudex from which the fibres issue, 
as in Polfftrichum undulatum ; or the fibres are 
themselves branched, as in Neckera viticulosa. The 
direction of the root is generally somewhat oblique, 
as in Polijtrickum commune ; but it is often also 
creeping and horizontal, as in Hypnum alapecurum. 
The surface is for the most part smooth, but is 
sometimes covered with a fine and velvety down of 
a dark or rusty colour, as in Funaria hygrometrica ; 
or the fibres issuing from the caudex assume that 
appearance, as in Bryum undulatum, one of the 
most beautiful of all British Mosses. 
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The Stem.-^Som^ Mosses are altogether stemless, Som* 

• 

oonsistiDg merely of a root surmounted with a few JJJJ^n. 
minute leaves, as in the case of Phascum mUticum 
{PL VII. Fig. 5.) and Orthotricum BrowmanumJ^ 
Others are nearly stemless, no stem being visible 
without the aid of the microscope; and all are 
diminutive^ compared with herbs in general^ few of 
them attaining to, and still fewer exceeding^ a foot 
in height. But where a stem exists it is generally Modifier- 
like the root, weak and slender, though sometimes ^^^^^ 
stiff and shrubby, as in Hypnum alopecurum^ It 
is simple, as in Polytrichum commune ; or dichoto* 
mous, as in Mnium palustre ; or branched, as in 
Dicranum scoparium. It is also erect, as in Bryum 
ligulatum {Pi. VII. Fig. 6.) ; or procumbent, as in 
Hypnum rugosum; or pendant, as in Hypnum 
criipum ; or creeping, as in Hypnum pnslongum ; 
or floating, as in Fontinalis antipyretica. It is for 
the most part closely covered with leaves, though 
sometitxfes bare at the lower extremity, as in the 
barren plants of Bryum roseum. If the species 
grows in tufts or patches, a case by no means rare^ 
the steins are generally, like the root, closely mat- 
ted together, as in Torfula ruralis* 

Sometimes the lower part of the stem sinks Sinking 
annually into the soil, where it sends out small''™* 
fibres, and is converted into a root, the original root 
being now decayed and converted into vegetable 

f Flora BriL p. 12S9« 
VOL. I. F 
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mtmld. This dbtotvation otcatB in Withering* as 
applicable to bis Hypnum parietinum^ the Hypmna 
^pkftdens of Smith. But I conceive it to be an ob* 
senration admitting of much greater latitude of 
application, the process in question being distinctly 
diseefnible not 6nly in the case of Hypnum dpieflh 
ien^i but in that also of Hypnum jirabmgunh 
Bryum UguUttttm^ and particularly Toriula rufuHSf 
where the gradations of change are m very well 
defined as to be obvious to the sightest inspecttofi* 
I have indeed found traces of this change more or 
less conspicuous in almost all species I have yet eit«» 
amined^ and am inclined to believe that it pervadea 
and characterizes the whole tribe of Mosses* If so| 
it will vi^ell account fbr their peculiar capacity of 
fblining an original soil for the growth of larger 
vegetables even on the barren rock^ to which they 
often cling. 

Sbmetimes the stem is proliferous, that is when 
the shoot of the first year does not afterwafi^ elon« 
gate by the extremity, and so constitute a main and 
unintettupied stem> but sends out new shoots from 
the tntddle^r near the top^ which becooie ulttmately 
the principal ste«iS> the original stems being 
gradually eonverted into roots, as in Hypnum pro-- 
t^etium and othehh 
Modifica- The BrMctties-^^The brantJies are in their stnic* 
ture similar to that of the stem^ and are distributecf 
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fireqiieiitly without any regular order^ as io Hypnum 
riparium; but dTten also, according to some det(Br- 
miiiate or specific mode, in which case they are 
flOBietinies fifetigiate^ as in Dicranum viridissimum ; 
or facicuhte, as in Hypmsmflogellure ; or dist]choua> 
that is so arranged as to give the stem a winged--Kke 
appearance, as in Hypnum proUferum. In tfaeir 
direction they exhibit varieties similar to thpse of 
the branches of other plants, being, according to the 
peculiarities of their respective species, erect^ or 
ascending, or inflected, or reflected, or horisontaU 
The young shoots are sometioies designated by tb^ 
proper appellation of surculi ; fchough the preseiU: 
state of botanical nomenclature does not seem to 
stand much in need of the term. 

The Zeaves.-^The leaves of the Mouses; which Descrip. 
are indeed veiy minute, are notwithstanding uiv- 
comnionly elegant if viewed under the microscopa» 
They assume a considerable .variety of the foroMi 
specified in the description of the leaves of perSeot 
plants, but the most frequent are the linear, the lan- 
ceolate, the oVal, the concave. They are always, I 
heUeve, sessile,* though oAea decurrent or sheativ- 
iog at the base ; the margin being often beauti&Uy 
waved or omaHiented with minute serratures^ anil 
the apex, which is generally acute, being often i^ 

* Diilenius describes the leaves of qqc of his Htfpna as beiqg 
petiolate ; but Hedwig contends that it is merely a portion of the 
stem detatched along with the midrib^ when the leaf is torn off 
fiy pulKsg it downwards. Fund. Hut. Nat. Muse. chap, v. 
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flurmounted with a minute and slender process re« 
sembling a hair or thread. Most of them are fur«> 
nished with a midrib, (by which th^ are often 
keeled), together with some parallel nerves ; thong^ 
many of them are alt<^ether destitute of nerves^ 
exhibiting an entirely smooth and even surface, as 
in Hypnutn splendens. Some of them, however, are 
furnished with a sort of net-work of veins, inter* 
secting one another and giving the whole a finely 
reticulated appearance, as in Splachnum reticulatum 
(PI. VII. Fig. 7). Others are most beautifully 
dotted as well as reticulated, as in Bryum punda^ 
turn ; and others are delicately streaked, a^ in Hyp^ 
num striatum. Their colour is generally of a most 
beautiful green mixed with a tinge of yellow, 
though when placed under the microscope and in a 
strong light most of tliem are diaphanous^ dis- 
covering a sort of membranous texture, from which 
ihey derive the property of twisting or curling up 
when dry. 

In their distribution they are for the most part 
closely crowded together, and originating on all 
sides of the stem or branch, the apex of the lower 
overlapping the base of the higher in the form of 
tiles. In many species they are distichous or two 
h>wed, giving the stem or branch a winged-like 
appearance, and diverging at an angle more or less 
acute, as in Dicranum taniarindifoUum^ but in 
some, though distichous or scattered in their 
insertion, the points are all directed to the one 
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side of the stem^ in which case they are said to 
be unilateral, as in Hypnum cupressiforme. In 
others they diverge at right angles or are reflected^ 
and are arranged so as to point three ways, 
and sometimes even more, as in Hypnum squBr- 
rosutn. 

But besides the leaves proper to the species ia 
general, plants producing barren flowers are fre- 
quently furnished with a peculiar sort of leaves, 
which are crowded together at the extremity of the 
branch or stem, so as to form terminating stars, by 
expanding in the fonn of rays, in which case they 
are larger and more elegant than the rest, as in 
Polyirichum commune ; or so as to form a sort of 
terminating budi in which case they are smaller 
than the rest, as in Bryum extinctorium and most 
of the Hypnums. The terminating stars, however, 
are often proliferous, having a new shoot issuing 
iirom the centre of the disk, as in Polytrichum 
juniperum. 

Such is the general character of the leaves of the 
Mosses ; but the Buxbaumia aphylla of Schmidel 
is said to be wholly destitute of leaves, and to be the 
only known species that is so.* 

^ Hedwig. Fund. Hist. NAt% chap. v. 
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SECTION 11. 

Reproductive Organs. 

The fructi&cation of the Mosses^ tlmugh ex« 
tremely elegant in its structure^ is yet, at the same- 
time, so extremely minute as to be but seldom 
noticed except by botanists ; by whom also it seems 
to have been long overlooked, or at the most but 
imperfectly investigated. The ancients who be- 
lieved in the doctrine of equivocal generation, re- 
garded the Mosses as a tribe of plants originating in 
the putrefaction of other vegetables, or in the acci- 
dental concourse of generative particles collected 
together by the alluvion of rains* or rivers, and con- 
Andtobe sequfeutly as producing no flower or fruit. Tlie 
flower and curlier botanists of modern times seem to have re- 
^^' garded them in much the same light ; and even the 
great and illustrious Toumefort, who published his 
Botanical Institutions about the beginning of the 
eighteenth century, when the doctrine of equivocal 
generation had begun to be more than suspected, 
and the doctrine of vegetable sexes admitted^ at 
least in part, classes them along with Mushrooms 
and Sea-weed, under the title of AsperuKB or plants 
without seed. But this arrangement was now no 
longer regarded as being at all satisfactory ; and 
botanists, who began to suspect that a distinction 
existed even in Mosses, wer^ at last induced to un- 
dertake the irksome but indispensable task of n 
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minute and tcrupulcHi« investigi^tian of the several 
ptrtt and appearances of indivdual subjects during 
their several stages of growth, with ae vieir to the 
discovery of sexual organs. Perhaps the first hint 
leading to a correct view of the subject was that 
giv^n by Dillenius in his Af^ndix to his Catalogue 
of Plants growing in the neighbourhood of Gisse^* 
in which he regards the Mosses as being indeed 
without seed, but furnished with little heads con^ 
Gaining a powder, by which the terminating leaves 
were re.ndered capable of germination. 

But Micheli, inspector of tlie botanic garden at Their 
Fbrencct seems to have been the first of all modern JoDde^ 
botanists who obtained a.complete view of the fruo ^^^ 
tificatiou of the Mosses, as consisting of a sexual 
flfiparatus, which]^he not only describes -f* but figures; 
though He appears to have been at the same time 
wholly ignorant of the respective functions of the 
organs he was describing, having mistaken the bar- 
ren for the fertile flower ; as well as perhaps alto- 
gether unacquainted with the true and legitimate 
doctrine of the sexes of plants. 

Dillenius who again resumed the subject in his And Hias- 
Hiaiaria Muscorum, published at Oxford in 17 ^^^ Diiieniu. 
a work that still stands unrivalled in this most 
•difficult department of vegetable research, though 
he describes the flowers of the Mosses with great 
accuracy, and also with a view to sex, discriminate 
ing the barren from the fertile flower, as being 

* Giessffy 1719. 6vo* f Nova. Plant. Gener. p. 108, 1729- 
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sometimes produced on the same and sometimes on 
a different^plant ; yet4ie still unhappily mistakes the 
former for the latter^ and, by consequence, the latter 
for the former, without having thrown any new- 
light on thie most important^ part of the history of 
Mosses, for which he was indeed so peculiarly well 
qualified. 
Aod Lia- Linnaeus, whose original ideas on the fructifica- 
tion of the Mosses seem to have been correct,* by 
adopting as the ultimate result of his investigations 
the opinions, and consequently the errors, of Dil- 
lenius, left the subject involved in the same ob- 
scurity in which he found it ; and by giving to error 
the sanction of his great name and authority, he- 
came, unfortunately, the occasion of misleading 
future inquirers, rather than of conducting them to 
the truth. 

The elucidation of this obscure subject veas after^ 
wards undertaken by several contemporary or suc- 
ceeding botanists, without much success; particu- 
larly by Hill in his History of Plants, in which he 
controverts the opinions of Dillenius and Linnseus on 
the subject of the fructification of the Mosses, and 
shows them to be erroneous ; proving the capsula 
of the former and the anthera of the latter, both 
terms indicating the same idea, to be a real seed- 
vessel, by means of the experiment of sowing the 
powdery substance contained in it, and obtaining 
as the result a crop of young Mosses.*^ 

f Smhh*s Introd. p. 490. t History of Plants, chap, xlir, 
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This was of coarse an unanswerable argument^ 
and a discoveiy of the utmost importance to the 
cryptogamist ; and yet Hill's work has ialleh into 
such unavoidable disrepute, that the service he thus 
rendered to the cause of botany is scarcely ever 
heard of. 

But by thus disproving the opinion of Linnaeus Whose 
with regard to the anthers of the Mosses, he was thelexoai 
now under the necessity of looking out for the true ^^ " 
anthers in some other part of the flower or plant, oeerrone- 
which he at last discovered, as he thought, in thefeiUl. 
same flower, and in what he called the rays, of the 
corona. But 'this opinion was soon found to be Who ez- 
equally erroneous with that which he had just re- errone^ 
fated, because it supposed the flowers of all Mosses ^'^^^°^<* 
to be hermaphrodite, which they are not in fact ; 
and because the flowers of many of them are desti- 
tute of a corona altogether. 

Several other opinions were subsequently advanc- 
ed by Meese, Koelreuter, and Miller, hostile to 
the former and to each other, and tending only 
to show that the most profound mystery still en- 
veloped the subject, or to introduce a degree of 
botanical scepticism inconsistent with impartial re- 
search, which discovered itself even in the celebrated 
Necker ; urging him to exclaim rather too rashly that, 
whatever had been or might in future be said of the 
fructification of the Mosses he was determined to 
f^gard as a ^ction or dream. 

In this stage of progress the celebrated Hedwig Remrcbei 

ofHcdwig. 
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^rst begsn to direct his attentioa fx> die study of 
' the Mosses^ when perceiving all that had been 
previously done with a view to elucidate their 
jructification to present but a chaos of confusion 
and contradiction, he found it absolutely necessary 
to renounce all sort of dependance upon previous 
opinion and authority^ and to examine every 
thing for himself. This he accordingly did with 
a degree of caution and scrupulosity^ and patience, 
never yet surpassed ; so that by employing glasses 
tof a higher magnifying power than any preced- 
ing botanist^ and taking no fact upon trust, he at 
length succeeded in obtaining a clear and complete 
view of the subject, in disencumbering it of the rub- 
bish with which it had been so long clogged, and 
in presenting to the cryptogamist a superstructure^ 
not the offspring of his own fancy, but the image of 
nature. 

According to Hedwig, the Mosses, with regard to 
their fructification, are for the most, part DiiEciaus^ 
that is having the barren and fertile flowers on 
separate plants, as in the genus Hjfpnum^ or Poltf- 
trichum. Many of them are, however, Monoscious, 
that is having the barren and fertile flowers distinct^ 
but on the same plant, as in the genus Phascum ; 
and a few of them are Hermaphrodite, that is having 
the barren and fertile flowers united and on the 
same plant, as in Bryum aureum.^ 

 Fund, Hist. Nat. Muse. chap. vi. 
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SUBSECTION I. 

BarrtnFUywers.-^The barren flowers of the Mosses Stars ot 
are the stars {PI. VIL Fig. 8.) or disks, and buds, ^''^'' 
described in the /orffier chapter, as frequently ter- 
minating the branchf^, or sitting in the bosom of 
^le leaves, and as being sometimes also pioliferous. 
If they are taken and dissected with care and under 
a good magnifier, they will be found to consist of 
an assemblage of leaves or scales resembling the 
other leaves of the plant in form, but generally 
larger or more el^ant, and sometimes also coloured, 
though nev^ terminating in a hair. These Hed« 
wig regards, though upon grounds somewhat ques* 
tionable, as constituting the calyx of the barren 
ilower» f 

If the leaves of this calyx are now taken and care* Sacculent 
fuUy stripped off in succession, the desector will find ^ 
as he approaches the centre a number of small 
thread-iliaped and succulent substances closely 
crowded together, and issuing from between the 
leaves ; or if not so isauing, occupying the centre of 
the disk, and distinguishable into two di&rent sorts, 
some consisting of an individual and transparent 
viscus, and others of a longitudinal succession of 
small and transparent vesicles united at the extremi- 
ties, so as to exhibit a sort of jointed or necklace 
appearance. Both of them may be readily detected 
in the barren Dowers of Polytrickum commune^ if 
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gathered in the month of May or June. The 
former Hedwig regards as stamens distinguishahle 
into filament and anther, the anther longer and 
somewhat cylindrical, but generally approaching 
more or less to club or egg-shaped, and both not ex- 
ceeding the one-fiftieth part of an inch in length. The 
latter or necklace Ipoking subs^ces, which are gene- 
rally somewhat longer than the stamens though less 
in diameter, do not yet seem to be well understood. 
Hedwig, without pretending absolu|Bly to decide 
upon their use, calls them merely the succulent 
threads that accompany the stamens, but seems at 
the same time to believe that they assist fecundation^ 
by means of securing a plentiful supply of mois- 
ture ; * while he infers the stamens to be such from 
the presumptive evidence of the similarity of their 
substance and structure to that of the stamens of 
perfect plants, and of their opening also at the top 
when ripe and discharging a fine pollen — ^which 
phenomenon may be seen by means of placing a 
stamen fully ripe under a high magnifier and 
wetting it with a drop of water. The summit of 
the anther bursts open and the pollen explodes.^ 



tion. 



SUBSECnON II. 

Distribu- Fertile Flowers. — The fertile flowers of the 
Mosses are, like the bari^n flowers^ generally ter« 

* Fund. Hist. Nat. chap* xi* 

t Fund. Hist. Nat. Moftc* cbap. viii* 
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minal ; but they are often also lateral or radical. 
They are not furnished with any integument that 
can be decidedly called a cal3rx, though the leaves 
immediately surrounding them are generally dif- 
ferent both in size and structure from the other 
leaves of the plaint ; and in the genus Hypnum are so 
very obviously diflerepyt as to have obtained the proper 
appellation of the Perichatium or Fence, being an Fence, 
assemblage of loosely imbricated scales terminating 
in a fine hair or bristle, rather than real leaves. 

But if they are not to be regarded as constituting Auxiliary 
a real cal3nc, or part of the real leaves of the spe- ^ ' 
cies, they are at least to be regarded as constitut- 
ing floral leaves» both from their contiguity to the 
flower and analogy to the floral leaves and perfect 
plants. In their original distribution they form 
generally a sort of bud, from the centre of which 
the flower issues^ pre^titing, when first discoverable, 
the appearance of a fine and minute point pro-, 
jecting from the bosom of the leaves. This in- 
cipient stage of growth is very distinctly visible 
in the fertile flowers of Funaria hygrometrica 
(PL VII. Fig. 9*), if gathered about the month 
of January, which are also accompanied with a 
number of succulent pistils somewhat similar to 
those described as acbompanying the barren flowers, 
and equally unaccountable. Hedwig calls them 
auxiliary pistils, but does not pretend absolutely 
to determine their function;* and Dr. Smith * 

* Fund. Hbt. Nat. chap. is. 
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thinks they iMy, perhaps, serve in eithei^ caee the 
purpose of calyx, or of ooroUs, or of both.^ 

Sheath. But bowever this may be, the parts of the flower 
soon begio to assume a difierent appearance, as the 
|»roeess of fructification advances, the fine and 
pointed substances expanding into a sort of length- 
> eoe^ oone^ invested by a thin and membranaceous 
integument, which is adherent at the base and 
summit, but inflated towards the middle, and 
which finally separates horizontally into two dis- 
tinct portions. The under portion, which is placed 
within the perichaetium, remains, as before, attached 
to the base of the fructification, and is designated 
by the name oi the sheath ; while the upper por« 
tion adheres also, as before, to the summit of the 
fructification, which it still partially invests in the 
form of an extinguisher. In this stage it has been 
called by some botanists a c^yx, and by others a 
eoroHa.*!* But its resemblance to either is so ex* 
tremely slight, as scarcely to justify the application 
oif the term. It is more generally known, however, 

Calyptra. by the appellation of tlie caJyptra or veil, a term 
sufficiently expressive of at least part of its func- 
tions, masking as it does, a globular or uroHshaped 
vessel, which is the capsule q{ the Mosses. In 

Capsule, some species this capsule is ies^ile, or very neariy 
so, as in Phascum muticum; but in by far the 
greatest nutaaber it is elevated upon a fine and oAen 
capillary but conspicuous pedicle, as in Polffirichum 

» Introd. p. 4S9. f Fund. Hise. Nat. Mus. chap. x. 
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cmmnune. Sometiaies it is erect, as in Phmcum pa^ 
tens; and sometimes drooping, nodding, or pendu« 
loHs, as in Bryum cdBspiticium. The external surface 
is generally smooth, as in Encalypta vulgaris; but 
sometimes it is marked with lo^tudinal furrows, 
as in the Genus Bartramia; being when in a 
young state somewhat white or green; but when 
in a ttiature state, brown, red, or yellow. 

Like the capsules which they support, the pe-> Pedicles, 
dicks are sometimes erect, as in Bryum cylin* 
dricum; and sometimes bent, as in Bryum homum. 
They are generally solitary, but sometimes also 
i^g^egate, as in Bryum ligulatum ; in which it 
19 no unusual thing to find five or six of them is- 
suing from the same point. In some species they 
are so very short as to be scarcely perceptible, and 
in othors they are from one to three inches in 
kngtlij^ as in Polytrickum commune. The surface 
is generally*^ sn^ooth and shining, as in Hypnum 
nittns ; though sotny times it is also rough, as in 
Hypnum lutescens. Its colour is sometimes white 
and pellucid, as in GrifUmia cantraversa ; but in 
a ripened state it is genefally brown, yellow, purple, 
or red. At the base it is almost always sheathed 
by a thin and membranaceous substance, the lower 
portion of the original veil, and sometimes it is 
slightly bulbous, as in Hypnum Teesdaiii. At the 
summit it is also often distended into a large bunch Apopby- 
or protuberance of a globular or oval figure, upon 
which the cajpsule sits, as in the genus Splachnum i 
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which protuberance is denominated the Apo^ 
physis. 
Opercn- The mouth of the capsule is externally covered 
' with an operculum or lid, assuming in diflerent 
species a variety ^of diflerent forms, and detaching 
itself horizontally when ripe. Sometimes it is fiat, 
as in Polytrichum alpinum ; and sometimes it is 
hemispherical, as in Polytrichum undulatum; but 
for the most part it is conical and acute. In its 
position it is erect, or oblique, or bent, or crooked ; 
in its surface it is smooth or streaked ; in its .colour 
it is brown, red, or scarlet, when ripe. 

If this lid is stripped ofi*, or detaches itself spon« 
taneouisly, the mouth of the capsule is then found 
for the most part to be internally furnished with a 
circular and double row of fine and tooth-shaped 
Fftristo- substance;, called the peristomium or fringe some- 
fringe.^^ times united into one set, and sometimes divided 
into several sets. ' In some genera,* hov^ever, it con- 
sists of only a single row of teetb^ atid in others 
it is altogether wanting, as in the g^iius Sphagnum. 
The number of the teeth « also variable in diflerent 
genera, though generally'' uniform in the same; 
consisting in the genus Tetraphis of only four ; in 
Dicranum of sixteen ; in Trichostomum of thirty- 
two; and in some of the Polytrichia of even 
double that number. In Encalypta the terth are 
erect ; in Tortula they are spirally twisted ; and in 
Dicranum they are infiecte(l at the top, and cloven 
half way down. In their ripened state they assume 
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a tinge of brown, red, or yellow, as does also the 
lip of the urn or capsule, in which they are 
inserted. . , 

Within' the urn and in the direction of its Ion- Cokmn. 
gitudinal axis, there is situated a slender and cylin- 
drical substance {PI. VII. Fig. 10.) which seems 
to be a prolongation of the pedicle, passing 
through the whole extent of the urn, and perforat- 
ing both lid and veil. This organ is designated 
by the appellation of the column ; and its summit, 
which forms the apex of the flower, is regarded by 
Hedwig as the style of the Mosses. 

As- the urn and column are concentric, there is 
formed by consequence between the inner surface 
of the one, and the outer surface of the other, a 
small and cylindrical cavity, which in the mature 
state of the fructification is filled with a fine 
powder consisting of a multitude of spherical gra- 
nules of a brown, yellow, or greenish colour, gene- 
rally smooth, but sometimes also dotted or prickly. 
These granules are the seeds of the mosses, from The leedi. 
the sowing of which Hedwig obtained, as in the 
experiment of Hill, a crop of young Mosses, in 
all respects similar to.the parent plants. 

Such is a short sketch of the herbage and fruc- 
tification of tbe Mosses, according to the observa- 
tions and discoveries of Hedwig, and of the theory 
founded upon them ; nameh)^, that the Mosses are, 
with a very, few exceptions, either Monoecious ox 
Di(ecious plants^ furnished with all organs essential 

VOL. I. a 

/ '■• " . ^, - *'y .^ 




iftS HEPATlCaU CHAP, in, 

to the Mnfttitaticm of a flower> and producing pet- 
f6ct te^8 ; a theorf that seems at least to be 
founded in fact^ and that has obtained the almost 
utiitersal apprdbation of all sneaecding botanists. 



CHAPTER III. 



HSPATIGiEt 



Descn'p- Th£ (lepaticae are a tribe of small and herbaceous 
liabitiito. plants resembling the Mosses, but chiefly consti^ 
tuting 'frotids^ and prddufcji^g theit friiit in a cap* 
sule that splits into longitudinal valves. The name 
is derived frotn a Greek word signifying the liver, 
because perhaps some of them were formerly em* 
ployed as a remedy in diseases of the liver ; or 
because some of them exhibit, in their general 
aspect, a slight resemblance to the lobes of the 
liver. In their habitats they aflfect for the most 
part thd same sort of situations as tb^ Mosses, 
being found chiefly in wet and shady spots, by the 
sides of springs and ditches, or on the shelving 
brinks of rivulets, or on the trunks' of trees. Like 
the Mosses they thrive best also in cold and damp 
weather, and recover thdr verdure, though dried, 
if moistened again with water. The Hepaticse and 
the Mosses are indeed' so nearly allied, that they 
have generally been reganted as constituting but 
one family, and classed together accordingly; iht 
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latter tincfer thi{ title of Musct Ftondosij dnd the 
formei* iindef thut of Musci BepaticL Sttdi iva^ 
the division even df Hedwig,* bdt latef b6tiitiists 
harefbtind it to be mote conftOMUt td the |>riti<i^ 
pies of sound and scientific flffangement^ to se^i 
parate the Hepatiese from the Mosses altogether^ 
and U^ convert them into a distinct tribe. 



SECTION I. 

Conservative Organs. 

The Root.'^Sottie of the H^aticse seem to be The root. 
destitute of it root altogether, or are at least not 
furnished with dny conspicuous root, as in Junget'- 
nutnnia asplenoides ; but whdre a root is present 
it consists of a number of smdl ^nd fibrous pro« 
ductions, issuing from the base or und^t suYfkce of 
the herbage, and fixing it to the soil ot substatlce 
on which it grows. 

The Herbage. — ^The herbage, iti a few spedi^s, The herb- 
consists of a stem fufnished with distinct leaves'^ 
like the Mosses^ as in Jungefmannia cochltari-^ 
jfofmiSi and some Others, iti which the leaves arb 
so distributed as to give the shoot a sort of wing* 
like appearance. But in the greater number the 
herbage is frondose, though not upright in its 
growth like the frond of I'etns (Pt. VII. Fig. U.), 
being seldodi famished with any thing like a stipe ; 

^ Ticorfat Fract. rt Gencr. 
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bat creeping along npon the sur&ce of the soil or 
substance to which it is attached, and striking root 
as it extends. Sometimes it is simple^ and some- 
times, as in Juf^germannia tamariscifoUaj branched 
or forked. It is also for the most part furnished 
with a midrib, from the opposite sides of which a 
number of circular and lobe-like leaflets issue^^ 
sometimes in a single and sometimes in a double 
row, overlapping one another, and assuming not 
merely a winged, but often a loricated appear- 
ance. In such species as have no' midrib, the 
herbage consists merely of a cluster of circular and 
lobe-like substances growing out of one another, 
and lying flat on the ground, to which they are 
fixed by fibres issuing from the under side, as ia 
Marchantia polymorpha; a mode of growth in- 
deed common in some respect to the tribe, the 
shoots or branches being for the most part closely 
matted together, and interwoven into flat and dense 
patches. The structure of the lobes is also ex- 
tremely beautiful, exhibiting when placed under the 
microscope, a fine net-work of vesicles frequently 
transparent. Their colour is generally green, but in 
Jungermannia dilatata it is of a dark brown, ap- 
proaching to red. 

SECTION II. 

Reproductive Organs. 

Aoaiogous The reproductive organs of the Hepaticae, in as 
MoBi^. far as they are yet known, are pretty much analo- 
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gou8 to those of the Mosses ; but the parts corre- 
sponding to the stamens and pistils of perfect plants - * 
do not appear to have been hitherto ascertained so 
satisfactorily as to leave no ground of doubt. In 
their flowering however they appear also, like the 
Mosses, to be either tnoncscious or diacious, and 
perhaps even without exception, so that I believe no 
example of an hermaphrodite flower has yet been 
suspected among them. 



SUBSECTION I. 

Barren Flowers. — ^According to Hedwig theDeicrip. 
barren flowers of the Hepaticae, which can scarcely 
be said to have any perceptible calyx or corolla, con- 
sist either of small and globular protuberances issuing 
from the summit of the plant, or from among the 
leaflets, or from the surface of the frond, constitut- 
ing a viscus that contains a powdery substance which 
is the pollen, as in Jungermannia ; or of small and 
minute granules surrounded with substances re* 
sembling the succulent threads of the Mosses, and 
imbedded in the body of the frond ; or in target* 
shaped substances issuing from the surface of the 
frond, and elevated in conspicuous pedicles, as in 
Marchantia. 

' SUBSECTION II. 

t 

Tertile Flowers. — ^The fertile flowers consist for Thdr 
ihe most part of a double envelope, an outer and ^^'^ 
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an ioper ; the former corresponding in some degree 
to the calyx, and the latter, which inamediately 
invests tlxe ovary and is surmounted with the style^ 
to the corolla of perfect plants. The ovary^ which 
in some species remains sessile, and in osiers it 
elevated on a pedicle, opens when ripe into severd 
Jongitadinal valves, and discharges the seeds. The 
above parts and appearances are perhaps best ex^ 
cmplified in the genus Jungemiannia {PU VII. 
Fig. 11.), as being the most extensive of the tribe, 
of which if a plant is taken and closely inspected 
even with the naked eye, in an early stage of its 
growth, there will be seen, besides the general 
herbage, a number of small oblong and sack-like 
looking substances, issuing from among the leaflets 
and assuming a position perpendicular to the sur- 
face of the frond. These sacks, wl^ich are the outer 
envelopes of the flower, if carefully opened upf, will 
be found to contain an oblong or egg-shaped sub- 
stance, which is the ovary wrapped up in a second 
envelope that is perforated by the style. 

If this second envelope is now carefully stripped 
oiT, the ovary and style will appear accompanied 
with several succulent substances resembling the 
succulent and abortive pistils of the Mosses ; and 
if the ovary is itself opened up it will be found to 
consist of a greenish and gelatinous mass, inter- 
spersed with a multitude of minute granules. 

If the flower instead of being thus dissected is 
allowed to ripen on the plant, the envelopes will, in 
the progress of fructification, burst open at jtbe top. 



and discover a small protruding globule of a black 
or brownish colour^ and of about the si^e of a 
millet seed, which is by and by disengaged en- 
tirely from them, and elevated on a fine and thread- 
shaped pedicle from a line to an inch or more in 
length. This elevated globule is tb^ ovary, which 
when ripe separates into four longitudinal valves, 
fropa the extremities of which a number of small 
spiral and elastic threads issue, to which the seed^ 
are attached. In the genus Marchanti(f the pe- 
dicle supports a tai^et-shaped substance, to the 
under surface of which the ovaries are attached. 
In Anthoceros the ovary is a conical substance is« 
suing from the upper part of the froqd and 9up- 
porting a veil^ which is the inner envelope. In 
Blasia \t is a sort of egg-shaped substance sitting 
upon the under surface of the frond ; and in Riccia 
it is a turban^snaped substance imbedded in the 
bpdy of the frond. The Hepaticae, like the Mosse?, The tpe- 
are capable of being propagated by the sowing of their Mgatod* 
seeds. But it has been observed by Hedwig w4 «^ ^ 
others thfit th^ Hepaticae produce also g^ms as well 8^°^ 
as seeds, by which the species is often pro])agated. 
If a plant is carefully inspected there will occa- 
sionally be observed a number of .small cup-shaped 
substances immersed in the fronds and toothed at 
the border. The cups are filled with a number of 
small granules which a» the gems. 
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Descrip- 
tion and 
babittU. 



The term Algs, which is of Latin derivation, 
seems originally to have denoted any sort of plant 
or herb growing in sea-water. But among modern 
botanists it has a much more extensive significa- 
tion, including not merely marine and many other 

4 

immersed plants, but also a great variety of plants 
that are not even aquatics, agreeing however in the 
common character of having their herbage frondose^ 
or but rarely admitting of the distinction of root, 
stem, and leaf, and their fructification imbedded, 
either in ^the substance of the frond itself, or in 
some peculiar and generally sessile receptacle. 
The most common distribution of the tribe of the 
Algse is that by which they are divided into the 
six following genera : Lichetiy Tremella^ FucuSp 
Ulva, Conferoaj Byssus. But future investigators 
will probably find room for considerable alteration.- 



Modifict* 
tions. 



SECTION I. 



Conservative Organs. 

The Root.'^The Algae are but seldom found to 
exhibit any evident traces of a distinct and decided 
root, though they are often attached to the sub* 
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Stance on which they grow by means of a number 
of small fibres issuing fr6m the edge or under 
surface of the frond, as in many of the Lichens ; 
or by means of a small cylindrical and bony sort 
of substance issuing from its base or centre, as in 
several of the Fwi. An example of the former 
mode of radication may be seen in Lichen caninus; 
and of the latter in Fucus nodosus. . 

The Frond. — ^The figure and contexture of the Varieties, 
frond difiers so very much in the different genera 
of this tribe, as well as in many of the different 
species of the same genus, that it will be necessary 
to describe it in each. 

In the Lichens it is oflen merely a sort of In U* 
ix>wdery substance adhering to some accidental ^ ^^' 
basis of support; or a fiat and crustaceous expan- 
sion ; or a leaMike or shrub-like production ; or a 
pulpy and gelatinous mass ; but uniformly of ter- 
Testrial habitat, growing upon the surface of the 
ground, or on trunks and branches of trees, or on 
decayed stakes and pales, or on stones and barrel 
rocks ; and found also in all climates and seasons, 
being capable of resisting the cold and humidity 
of winter, as well as the warmth and drought of 
8 mmer. 

In the Byssi it consists often of a number ofBystL 
finely feathered threads, finer than those of a cob- 
web and closely matted together, which in their 
aggregate appearance frequently resemble a piece 
of soft and smooth velvet of a rich and beautiful 
colour ; being also of terrestrial habitat^ and groW' 
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tog on the bark of tpeesy or on totten tvood, or on 
irtDOes and tock^s or in damp vaults or celUn, a«d 
on wine casks, where it is ofUm 9o eitrem^y fine 
and delicate, limt the slightest bieath or toodi mil 
disperse or dissolve it. 
(00. In the Tremella it is a gelatimms and often paU 
lucid sobstaoee of no regnlar or definite shape, but 
chiefly of terrestrial habitat* being found fbr the 
most part on ilecayed stumps and branehes of trees, 
or on stones and gravel walks^ or on meadows and 
pastures after rain, where it is sometimes found te^ 
sembling a large lump of transparent jelly, which 
people unacquainted with botany are apt to rqptfd m» 
the congealed remains of what are vulgarly called 
shooting stars, after having fallen to the ground. 

Uh«. In the Ulva it is a thread-like and ,tubular sub- 

stance, or a flat waved and kafJike membrane, or 
a sort of spongy and viscid pulp, chiefly aquatic, 
though jpartly marine and partly inhabiting pools 
or lakes of fresh water, and but rarely found on 
4be surface of the earth. 

Coofeme. In the Conferva it is a fibrous and thread«like 
substance, jointed, forked, or branched, with the 
threads closely matted together, and extrioable 
only by immersion ; being wholly acquatie, but 
partly also marine, and partly inhabiting pools, cis* 
terns, or rivulets of fresh water.^ 



• The subject of Fre«h-water Confeiraa hat lately bcsn much 
illusi rated by M. Jean Pienre Vaucher, of Csnevs. lit Jourik 
ToL i, 491. 
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In the Fuel it i^ sometimes ctpilhiy or cyti». Fiaci. 
drical, and 9ometiines fiat, with or without a mid^ 
rib, sometimes jointed like a neck-lace^ and some^ 
times. leafy and shnib^ike, and interspersed with a 
number of bags or bladders pellacid or opaqoe; 
being wholly marine and generally known by the 
appellation of searW^ or sea-wrack, attaching 
itself to rocks and stones on the sea shore> so as tp 
be laid bare at low water, but often also at such .a 
depth as to be constantly submersed^ 

SECTION 11. 

Reproductive Organs. 

The fructification of the Algae is less perfectly R^mUe 
known than that of any of the preceding tribes of ^* 
imperfect plants, but it has received like thfsfu atso 
considerable elucidation from Hedwig, particularly 
in as much as regards the Lichens. In all specie^ 
of lichen there issues from the edge or surface of 
the frond a number of small tubercles, or wart^like 
substances, of the colour and contexture of the 
frond. JLf one of them is taken in an early stage of 
its growth, and divided by means of a vertical 
section, it will be found to consist of a single or 
double cell imbedded in the pulp of the frond, and 
containing a granulated mass. Th6 eontaioed gra*^ 
nules are particles of pollen, the ms^tonty of which 
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> 18 indicated by the changing of the colour of the 
tubercle to a deep brown, and their escape, by itd 
changing to black. 
Ortargeu. From a dificrent part of the same plant, or from 
a diflerent plant of the same species, there are also 
found to issue a number of cnp-shaped or target- 
shaped substances, sitting or' supported on short 
pedicles of the same contexture with the frond^ 
and of A sort of greenish f[X>]our, but gradually 
becoming dark as they r^n. If one of them is 
now divided by means fA a vertical section, it will 
be found to eentaiti immediately under the black 
crust at the top, a number of small and egg-shaped 
substances arranged in perpendicular columns. 
Tliese substances are the seeds which finally escape 
. through the crust. In this species both the barren 
and fertile flowers are well exemplified in Lichen 
phjfsodes. {PL VII. Fig. 12.) 
Which Such is the theory of Hedwig. But, Gaertner 
rerards as ^^o is also a great authority on this subject, con- 
^*"^ tends that the powdery substance, ejected from the 
gems/ and targets or saucers, consists, not of seeds, but of a 
ing a pro- peculiar species of gem, which he denominates the 
P*8^- PropagOj and describes as being a simple gem with- 
out leaves or regular shape, sometimes naked and 
sometimes covered with an envelope, which, sepa- 
rating at length from the parent plant, is dispersed 
in the wav of seeds, but is not itself a seed. This 
is a subject on which it is, of course, difficult to 

7 
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decide, and which is likely long to bftffle^ the re? 
searches of the botanists. 

In the remaining genera of the Alg®, the-- fruc- 
tification is if possible still more * obscure, exhibit- 
ing no traces of stamens or pistils, or even of the 
warts and saucers of the Lichtm, but merely a 
number of small granules, irregularly dispersed 
throughout the substance of the plant, and extri- 
cated only by its decay, which Hedwig presumes 
to be seeds ; but which' Gaertner regards also as a 
peculiar species of gem, and designates by the 
appellation of the GongyluSy describing it as being Or gongf- 

Ills* 

a ^mple gem without leaves, of a globular form 
and solid contexture, imbedded in the bark of the 
plant and extricated only by its decay ; so that it 
may very well be doubted whether the genera in 
question do at all produce perfect seeds, or are pro- 
pagated by any other means than that of gems. In 
the Fud the interspersed granules are said 4o have 
a perforation above them, which the other genera 
have not.* 

SECTION III. 

Uses. 
The utility of the Algae is obviously very con- In medi. 

11 11 r • !_• cine and 

siderable, whether we regard them as furnishing the arts, 
an article of animal food, or as applicable to me- 

f With. Arrang. vol. ir« p. 89. v 
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didxie Add the ftirts. tlie FucM edulis, and se\'eral 
other Fucij are eaten and much reKshed by many 
peopte whether raw or dressed, and it is likely that 
some of them are fed upon by various species of 
fltth« When disengaged firom their place of growth 
aftd thrown opon the sea shore, they are eften coU 
leeted by the farmer and converted into a manure* 
They are often als6 employed, as the name imports^ 
in the preparation of dyes, as well as in the lucra- 
tive fiianufacture of kelp, a commodity of the 
most indispensable utility in the important arts of 
making soap and glass. 

The Lichen rangiferinus forms the principal 
noorishment of the Rein-deer during the cold 
months of winter, when all other herbage fails* 
The Lichen islandicM is eaten by the Icelanders in-^ 
stead of bread, or used in the preparation of broths, 
and like the Lichen pulmonarius has been lately 
found to be beneficial in consumptive affections^ 
Many of them are also employed in the preparation 
of some of our finest dyes, or pigments ; arid it i^ 
from the Lichen Parellus that the chemical ana* 
lysist obtains his Litmus. 
In the na* The Lichcns exemplify also more completely 
adoD oiT' what was already noticed in the case of the Mosses, 
'^''•- namely, the wise institution of nature in providing 
for the universal diffusion of vegetable life over the 
whole surfiice of the terrestrial globe. The powdery 
and tuberculous lichens attach themselves even to 
the bare and solid rock. Having t<^chcd the ma- 



k 



SiCt. Ill* U8B8. iSQ 

turitjr of theif species thejr die and btA eonterted 
into h fine earth, which forms a soil for the tiled 
atid leathery lichens. These again decay and 
moulder into dust in their turn ; and the depth of 
s6i\, which is thus augmented, is now capable of 
nourishing and supporting other tribes of vege- 
tables. The seeds of the Mosses lodge in it and 
spring up into plants, augmenting also by their 
decay the quantity of soil, and preparing it for the 
support of plants of a more luxuriant growth, so 
that in the revolution of ages even the surface of 
the barren rock is covered with a soil capable of 
$ttj^rting the loftiest trees. 



CHAPTER V. 



FUNGt* 



The Fungi are a tribe of plants whose herbage Demp- 
is a fix>nd of a fleshy or pulpy texture, quick in its habitaL 
growth and fugacious in its duration, and bearing 
seeds or gems in an appropriate and exposed mem- 
brane, or containing them interspersed throughout 
its mass. But this rule is not without its excep- 
tions; for many of the Fungi are converted, during 
the process of vegetation, or rather when their ve- 
getation is over, into a tough, leathery, and even 
woody substance ; which gives them a permanency 
beydnd that of their congeners, and a trait of 
character that is not included in the above defl- 
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nition* They are also a tribe of plants that may 
be regarded as the lowest in the vegetable scale, 
exhibiting a considerable resemblance to the tribe 
of zoophites, and thus forming the connecting link 
between the vegetable and animal kingdoms. They 
have indeed been regarded by some naturalists ai 
being in reality animal productions^ formed in the 
manner of Coralines; and by othera as being 
generated from the putrefaction of other vegetable 
substances, without springing from seeds or gems 
of their own production. The. latter was the opU . 
nion of Theophrastus, Dioscorides, and Pliny, 
among the ancients; and the former was the 
opinion of Butner, M uller, and Scopoli, among 
the modems. But these opinions have been long 
ago totally exploded, and the proof of the vegetable 
origin of the Fungi rendered indubitable by the 
detection of their seeds or gems. The habitats 
they affect are very various, many of them veg^at- 
ing only on the surface of the earth, and some of 
them even buried under it ; others on stumps, and 
trunks of rotten trees ; others on decayed fruit ; 
others on damp and wet walls ; and others on 
animal ordure. 

SECTION I, 

Conservative Organs. 
#  
Often The Root. — Many of the Fungi are altogether 

waDUDg. jggtitutg Qf ^ ^Q^^^ ^^ ^^ l^gj jjjgy. ^j^ destitute of 
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any conspicuouB root ; being attached to some ap- 
propriate basis of support merely by means of a 
large and flattened surface. * Of those that have 
conspicuous roots some are furnished with a few 
fibrous productions, by which they may partly 
adhere to the soil or substance on which they grow, 
and partly .absorb nourishment ; and others with a 
knob-like ' protuberance, or with several such pro- 
tuberances, which seem to constitute their root. 

The Frond.*— The frond, in many of the Fungi, Modlfica* 
is merely a thin, flat, and leathery sort of substance, ^*^°'" 
adhering to a basis of support by means of the 
whole of its under surface, as in the Bokti. In 
others it is globular and sitting, as in Lycoperdon; 
and in others it is bell-shaped and sitting, as in 
Nidularia. But in a variety of genera it is also 
furnished with a stipe, which is erect or crooked ^ 
cylindrical or compressed ; hollow or solid ; vary- 
ing in different species from the size of a crow-quill 
or less, to an inch or more in diameter; and from 
being almost sessile, to ^ix. or eight inches in 
height. Sometimes it is simple and sometimes 
branched, and sometimes beautifully coloured; but 
always destitute of foliage. 

Of the Stipitate Fungi {PL VII. Fig. 13.), aPile«or 
great many are furnished with a sort of conical or ^^' 
flattened production surmounting the stipe, and 
attached to it at right angles, sometimes by the 
centre, and sometimes by the one side, ^^is pro- 
duction has obtained the appellation of the Pileus 

vou I. R 



curtain. 



or cq|i» wliieh.|ilsi figure ti^geste, and naybe ex*' 
esiplificd ia jfgaricus campestris, or the oMftmon 
Muahroote. Ittr safaatanoe, like that of the akipe^. m 
ifongy, or le^heiy, or woody» and ito diamalsr 
from a fiactioa of an inch to a qpan. Its upper 
snrface is generally smooth^ but sometiinea al0»- 
wrinkled or ecaly, being fiequently of a white or 
yellow colour^ but often of a beautiiiil red* 

GiUi. The under surface is furnished for the moat part 

^:\' with a number of diin and flat substances^ which 
' ' are attached to it by the one edge, and distributed 
like the radii of a circle, resembling in their form 
the gills of a fish, and designated by the aame* 
name* Sometimes they ane inserted separatdy r 
sometimes in pairs or sets; and sometimes th^ 
MfH^ulate and grow into one another. Tfaey may 
^ exemplified alao in the AgaricM eampestri$i 
in which theyaro inserted individually, and are of 
i beautiful pink. The under surface of sued as^ 
have not gills is furnished with a multitude of 
poret te* lubes, as in Boletus ; or with prickks, 
as in HydntAn* 

Vdl or Of the cap-bearing Fungi the greater ""part are 
furnished with a fine, delicate, and cobweb-looking 
membrane called the Veil or Curtain^ attached on 
the one hand to the circumference of the Pileus^ 
and on the other to the circumference of the stem 
by which it is perforated, enclosing and protecting 
th« gills. It may be exemplified also in Jgaricus^ 
umptstriSy at least in an early stage of its growths 

7 
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For in an <idvart(5ed sUge, it disengages itself from 
the Pifett^ altog«hef, and ofteti ffbm the stem also, 
atid perishes about the time 6f^ the matutnty of the 
p}kfkt But tn some few species it is permanent, 
l^m^imng still attached to the ptarit, sometimes' by^ 
the Pileus in broken and detached fragments ; and . 
totnetimes by the stem, round which it fofms a 
d^eular protuberance or ring. In Jgaricus veUitui 
it envelopes the Piktis, entirely enclosing it as in. 
m bladdei'; 

In rf few Species 6f Lycoperdon and AgaricuiYoU^oi 
there is tD ^y^ found also an additional integument,' ^"P*^'' 
cf a tough and membranaceous contexture, geiie- 
fally simple, but sometimes also double, and enve- 
loping the whole of the frond, at feast in the early 
Utage 6f Us growth. This integument is Called the 
Voha or Wrapper, which, as the enclosed su*.,.. :ance 
expands, bursts into an aperture at the top, and 
ipliti into Several lon^tudinal segments that are 
sometimes rifflected to £he very base, expanding 
Kke the rays of a star, and thus opening up a 
passage for the irond. 



SECTION IL 



Reprodtictive Organs* 



The botanists who have been most successful in Fmt d<- 
exploring the fructification of the Fungi are Mi- Suchefif 
cheli, Hallei*^ Hedwig, and Bu^liard. Micfaefi 
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seems to have been the first to detect what may be 
regarded as the seeds of the Fungi ; but Hedwig « 
expected to find^ and tried also to discover in them, 
as indeed in all ciyptogamous plants^ the same sort 
of reproductive organs as are found in plants with 
conspicuous flowers. And from a persuasion that 
they existed and were certainly to be detected^ he 
was^ in some cases^ perhaps rather too soon, satis- 
fied of having succeeded in their detection. 

Stameni. In jFV^;i^iV furnished with Gills and a curtain, 
if the inner surface of the curtain is carefully ex- 
amined with a good magnifier, before the time of 
its natural detachment from the stipe or Pileus, 
there will be found adhering to it a number of fine 
and delicate threads supporting small globules; 
and in such as have no curtain the same sort of 
substances may be found adhering to the edge of 
the Fileu^. These Hedwig regards as stamens. 

Kstik. If the Gills are next examined in the same 

manner and i^bout the same time, there will be 
found sitting on their edge or surface a multitude 
of small tender and cylindrical substances, some 
of which are surmounted with a small globule, and 
others not. These he regards as being probably 
the styles and summits. 

Similar substances may be detected on the other 
genera of Fungi also. But from the extreme mi- 
nuteness of their parts, and from their strong simi- 
litude to the down with which the finer organs of 
vegetables are generally covered, it is easy to per- 
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ceive how very difficult it must be to decide upon 
their true character, 

Bulliard does not pretend to have discovered, 
and does not think it necessary that there should 
exist in the Fungi, organs exactly corresponding 
to the stamens and pistils of conspicuous flowers ; 
but only organs analogous to them^ and capable of 
performing similar functions; the grounds of which 
opinion he has illustrated in his Theory of the 
Fructification of the Fungi, aird' rendered at least 
as tenable as any that have been taken up against 
him. Gaertner is also of opinion that the Fungi 
do not in any case produce perfect seeds^ but are 
propagated like the Fuci, by that peculiar species of 
gem which he denominates the Gongylus. 

But however this may be^ there can be no doubt 
that the Fungi,, as well as the foregoing tribes of 
imperfect plants^ do produce either seeds or gems^ 
by which the species is propagated; and which 
are lodged either in an appropriate and conspicuous 
receptacle, or dispersed irregularly throughout the 
body of the frond. 

In the genus AgaricuSj and others of similar Seeds, 
organization, this receptacle is the gills, in which, 
if inspected with a good microscope about the 
time the curtain bursts, there may be observed by 
means of raising up a small portion of the flat 
surface, a number of small and minute granules 
imbedded in their substance. These granules are 
the seeds or gems which in a ripened state are dis- 
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cbarg?^ In s«ch mqltitud^p ^nd with such fprw 
that a piece of white paper put und^ the fronj 
will soon be found covered with a fine ^nd brown 
powder. In the genua Boletus thii receptacle i9 
the tubes; in the Mucors or Moulds, it is the 
globule aurmonntiag the thread-shaped pedicle 
or 9tipe ; in Pe%i:sia it is the upper surface of the 
Iroqd only; and in ChvQria it i^ the general 

surface- 
Models of As many of t^ Fitngi are of the fnoat rapid 
growth and evanescent duration, so they are also 
qf the most tender and delicate contexture^ ^nd 
(^noot possibly he preserved in a dried $tate so a« 
to retain the habit and character of the vegetating 
plant. Hence some ingenious artists have endea«- 
voured to remedy the defect by means of models 
in composition. Sowerby*s are uncomqaonly con 
rect, and are certainly well calculated to give the 
student a general notion cf the form and habit of 
the $peciei|; but frofn whatever cause it arises^ 
models do not seem Kq be much in request* Many 
of the Fungij however^ are also extremely hardyv 
find of comparatively slow growth, not attaining 
to the maturity of their respective species in less 
than a twelvemc^thj and thus exposed to the action 
of all vicissitudes of season. 
Uics. The powder of the Ly,coper4om is said to be an 

excellent styptic; and is remarkable also Cor its 
property of strougly repelling moisture^ If a hiSfia 
is filled with water and a little of the powder 
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strewed upon the surface so as to corer it thinly, 
the hand may be plunged into it and thrust down 
to the bottom without being wetted with a single 
drop of water. Several of the Bokti when dried 
affi>rd a very useful tinder; and several oi the 
Agarics and Tubers are used as articles of food, or 
as ingredients in the preparation of seasoning. The 
Truffle is much esteemed for the rich and deficate 
flavour which it imparts to soups and sauces ; and 
the Mushroom for its esculent pn^rty> and utility 
in the preparation of Ketcfaapu 
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OF THE INTERNAL STRUCTURE OF VEGETABLES, 
OR THE ANATOMY OF THE PLANT. 



From the previous survey of the vegetable struc- Difision 
ture, it appears that the organs into which the plant It^^. 
is externally distinguishable are the root^ trunks 
branches, leaves, flower, and fruit, with their append- 
ages. But the organs which are thus discoverable 
by external examination, are themselves reducible to 
component organs, which are' again resolvable into 
constituent and primary organs. According to this 
view of the subject therefore^ the plant consists of 
three distinct sets of organs, which we shall call 
the Decomposite, the Composite, and the Elemen- 
tary-— or final result of the analysis of the other 
two. 



tbO 



Uoo. 



CHAPTER I. 

OCCOMrOHTB OK6iUfS> 

IMiY». The decomposite prgMs ue tfie parts which have 
just been enumerated as constituting the vegetable 
individual^ and distinguishable hj external exami- 
nation ; to the dissection of which we will now pro- 
ceed^ taking them in the retrograde croer of the 
seed, pericarp, flower^ leaf, gem» and caudex, or 
branchy stem, and root» with t^eir decomposite ap- 
pendages; 

• 

SECTKXN i. 
T^e Seed. 



Its stTo In the dissection and anatomy of the 
au^ion ^**ni8t has been so successful 8^ Ganrtner. . Hi^ 
byGaert- y^Qf]^ j)^ Semaubus ct FruftOm Ptantarum, n 
work meritorioos beyond all praise, while it fur- 
nishes the most finished BM>del of oorpologicil 
analysis that was ever presented to the world, exr 
hibits also at the same time the most' duniblo m^ 
^nument that ^uld have been erected of the inde^ 
fiitigable industry and pfofofind refearch of it# 
author ; so minute in his investigations that nothing 
has escaped him, and so faithful in his delineations 
.that no one has ever surpassed him. Whoever, 
therefore, wishes to become well acquainted with 
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tho structure of feeds and fruits^ without actually 
investigating every thing for himself ; or to qualify 
himself for original investigation, by studying the 
works of the most approved master, must, like the 
candidate for literary tame to the models of classical 
excellence, give his days aiid his nights to the 
fplmn^ pf Gaprtner.. On this account I shall con- 
tent myself with pre«e»ting to the reader a con- 
densed view of the result of his investigations, 
distributed under such arrangement, and interspersed 
with such other observation, example, or remark, as 
•hall seem most likely to give elucidation to the 
sulgec^ ; with a view to which I shall first of all 
institiyte that division of the mass of the seed by Division 
which it is regarded as consisting of two principal principal 
parts distinguishable without much difficulty ; ^'^^ 
Daotely, the integuments and nucleus,, or em- 
4iryp and its envelopes* 

SUKSECTION I. 

Jntegmm(nt%fr^'^l\)A integuments proper to the invested 
feed are two in number, an exterior integument dermis!^ * 
and an interior int^ument; which are sometimes, 
however, enveloped by the additional integtiment 
already noticed as constituting an appendage of the 
seed, under th^ title of the pellide or seminal 
iQpidermis of Gaertner. 

Arti€l$ 1. Tht EiXterior, Integument.^-^The Or itstai. 
exterior integument which Gaertner denominates 
the Te^ta is the original cuticle of the nucleus, not 
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detachable in the early stages of its growth^ but 
detachable at the period of the maturity of the 
fruity when it is generally of a membranaceous or 
leathery texture ; though sometimes soft and fleshy^ 
and sometimes crustaceous and bony. It may be 
Very easily distinguished in the transverse or longi-- 
tudinal section of the garden Bean or any other 
large seed, and may be also easily detached by the 
aid of a little manipulation. If it is detached entire 
it will be found to consist of one individual piece 
without any disruption of continuity, except that 
occasioned by the hilum or scar which is left by the 
fracture of the umbilical cord, (and which is to be 
perceived on the surface of every seed,) or by the 
foramen or aperture of Grew. In DysQpyrus and 
Royena, it has the appearance indeed of being com- 
posed of two valves, but when more minutely 
inspected it is found to consist of one only. It 
consists also for the most part of only one cell, 
but in Sapindus and a^ few others it has two 
cells. Its colour is generally of a deeper shade 
* than that of the parts which it contains, as may 
be seen in the dissection of the seed of the. com- 
mon Privet, though sometimes it is also perfectly 
pellucid, as in Oryza. In some seeds it seems to 
be altogether wianting, as in Rizophoray CaryophyU 
luSy and Laurus, in which, as Gdertner observes, it 
may probably have attached itself to the partitions 
of the pericarp. 
Or 8ub« Article 2. TTie Inferior Integument. -^The in- 

testa. 
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terior integument, which Gaertner has aot designated 
by a proper name, but which I shall call the Sulh' 
testa, lines the exterior integument or Testa, and 
immediately envelopes the nucleus deriving its 
origin firom the interior portion of the umbilical 
cord whiclf after perforating the Testa disperses 
into a multiplicity of ramifications connected by a 
fine membrane, and forms the interior integument. 
Like the Testa, to which indeed it adheres, it may 
be easily distinguished in the garden Bean, or in a 
ripe Walnut; in which last it is a fine transparent 
and net-like membrane, which together with the 
Testa forms a rind that is generally peeled off be- 
fore the kernel is eaten, as having rather a hot and 
bitter taste. To the superficial observer this rind 
appears, indeed, to consist of only one membrane; 
but when minutely inspected it is found to consist 
of two ; which are respectively the Testa and Sub- 
testa, or the exterior and interior integuments of the 
^ed. The interior integument cannot in all cases 
be easily distinguished, but^ Gaertner is of opinion 
that it is always present, though often rendered in- 
conspicuous by its adherence to, or incorporation 
with, the nucleus. 

Like the Testa it consists also of one entire piece,^ 
of a soft and pulpy texture till the embryo has 
reached maturity, at which period it becomes mem- 
branaceous, and may generally be separated with 
ease from the nucleus, though not so readily from 
the Testa. At the point where the ramifications of 
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the utnbilictl cord nfier hftving perforated the Testa 
commence^ there ii distinguishtiblie upon the otiter 
^arfiioe o( the Sul^esta a sort of scar or tnfoerele^ 
which Gaertner detH>minates the Chalaisa, coinciding* 
withy or contiguous to^ the hilum or eicternd scar ; 
hut not always so, as it often happens that the nni' 
bilical Gord| after penetrating the Testa^ passes on 
without ramifications to £he opposite side of the 
cavity, and there forms the Chalaza or internal scar, 
as in the case of the Cherry. 



SUB»£CtlON ii. 

lu parts. The Nucleus.'^The nucleus is that part of the 
seed which is contained within the proper integu- 
ments, consisting of the albumen with the vitellas^ 
when present, and embryo. 

Aeticle 1. The Albumen. — ^The albumen, a 
term* introduced by Grew, in his Anatomy of 
Plants,* is an organ resembling in its consistence 
the white of an egg, and forming in most cases the 
exterior portion of the nucleus, but always separa- 
ble from the interior or remaining portion. It was 
Or secun- denominated by Malpighi the Secundina intertue^'jc 
term of ^^^ ^ Ventenat the PertspermyX because in many 
Malpighi. seeds it invests the embryo; and because the term 
albumen is, in some measure, appropriated to che- 

* Book iv. chap. iii. f Opera Omnuu 

X Tab. du I(eg. Veg. vol. i. p. 4pi. 
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mntiy, with wfatdi it i« desirable that the iermn of 
botaoy should not inteifefe* The latter reason is an 
argiunent of acme woight against the use of the 
term albumen \ but the former is no very strong 
argument in fiivour of the term Perisperm, because . 
the organ it is meant to denote is also very oRen 
surrounded by the embryo^ or neariy so^ and 
situated in the centre of the seed^ as in the Caryo^ 
phylke and others. In the Grasses {PL VII L 
Fig. 1 .) and MalvaceoM plants it forms the prinei- 
pal mass of the nucleus, though in many seeds it is 
scarcely petceptible ; and in some^ as in the seeds 
of LegundnoM plants, and plants with compound 
flowers. It .does not even exists at least as a separate 
oigan* 

The figure of the albumen is generally that of the Fligure. 
external integuments, roundish if the seed is 
roundish, and oval or otherwise if the seed is so. 
But to this rule there are many exceptions, par- 
ticularly when the albumen is centraL The surface, 
which is sometimes smooth land sometimes fur- 
rowed, is often also interrupted with chinks or clefts. 
When it is not itself central it contains internally a 
cavity or ceH for the embryo, and sometimes two 
such cavities, of which the one has been said to be 
always empty : * but this is evidently contradicted 
by the example of the seed of the Missletoe, Viscum 
alhum^ the albumen of which contains two cavities 
and two distinct embryos, fts substance, though 

• Seacb. Phys, Veg. vol. il. p. 198. 
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often such as the term albumen suggests, is by no 
means always so. In the Grasses it is farinaceous ; 
in the UnibeUifera it is woody; in the seed of 
Coflee-plant it is horny ; and in that of the Date- 
Colour, palm it is said to be as hard as a stone.* Its colour 
is generally whitish r but mBocconia it is yellow ; in 
Codon it is red ; and in the Missletoe it is green. 
Lastly, the albumen of most seeds is altogether 
-without odour and without taste ; but in Ginger, 
Nutmeg, and Pepper, it is sapid and aromatic. 

Article 2. The Vitellus. — ^The vitellus is an 
organ of a fleshy but firm contexture, situated 
when present between the albumen and embryo ; to 
the former of which it is attached only by adhe- 
sion, but to the latter by incorporation of substance, 
so as to be inseparable from it except by force. 
Hence, perhaps, it has been supposed to bear the 
same relation to the embryo which the yolk of the 
egg bears to the cicatricle ; as well as to exhibit a 
character by which it may be always distinguished 
from the albumen, which is only contiguous to the 
embryo but not incorporated into it. It had been 
observed by M alpighi and others of the earlier 
First phytologists, but not named nor distinctly charac* 
Gi^tner.^ terized till it was studied and investigated by 
G«rtn6r; though even now there are many 
botanists who do not regard it as constituting a 
vitellus, but merely as a part of the embryo pecu- 
' liarly organized. And the comparatively small 

* Smith's Introduction, p. 291. • 



number of seeds in which it is pr^ent^ together 
with its constant and close union with the embryo, 
famftshes them with arguments in support of their 
opinion. 

But whatever may be the value of that opinion, 
or the contrary, the organ in question, though not 
very common, is by no means rare* It pervades 
the whole of the useful and extensive family of 
the Grrasses, in which it is interposed between 
the albumen and embryo in the form of a scale 
{PL VIII. Fig. l.)> a» well as of the several 
families of the Mosses, Ferns, and Fuci, in which. How dis- 
according to Gffirtner, it constitutes the principal fro^^^e 
bulk of the seed, bearing an inseparable and ger- ^^^»°^- 
minating dcatricle upon its sur&ce, and therefete 
not an albumen. 

Article 3. The Embryo.'— The embryo, which is pewrip- 
tfae last and most essential part of the seed and final ^'^ ]^' 
object of the fructification, as being the germe of P^^ 
the future plant, is a small and often very minute 
oi^an, enclosed within the albumen and occupjong 
the centre of the seed, as in the Umbellifem and 
most plants, in which case it is said to be central ; 
or enclosed within the albumen, but not occupying 
the centre of the seed, as in Asparagus, in which 
case it is said to be eccentric ; or accumbent on ^e 
external integuments and consequently situated 
both without the centre of liie «eed and without the 
albuoaen, as in die Grasses, in which case it is said 

VOL. I. s 
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to be peripherical. But if the seed is destitute of an 
albumen the embryo then occupies the whole of die 
cavity formed by the proper integuments, as in 
leguminous plants (PL VIII. Fig. ft.) and many 
others. It is discoverable for the most part in the 
transverse section of the nucleus, and is'said to be 
found single in all known seeds, except that of the 
Missletoe, which contains evidently two distinct and 
entire embryos, imbedded in the substance of the 
albumen with the summits near the centre^ and the 
radicles diverging to the circumference like the rays 
of a circle ; the albumen being somewhat circular 
in its contour and lenticular in its mass, and measur- 
ing when ripe about one 6fth of an inch in diame* 
ter ; and the embryos being somewhat pestle-shaped 
in their aspect, and about one tenth of an inch 
in length. In some seeds it is so very minute as to 
present the appearance of beitig merely a simple 
and unorganized mass ; but in by far the greatest 
number it is divisible into two distinct and con^ 
apicuous parts — ^namely, the cotyledon and plantlet. 
Theco^- 7%e Cotyledon.^ — ^The cotyledon, a term intro- 
dnced by Linnaeus as a substitute for the term seed- 
lobe, is that portion of the embryo that encloses 
and protects the plantlet, and springs up during the 
process of germination into what is usually denomi- 
nated the seminal leaf^ if the lobe is solitary ; or 
seminal leaves, if there are more lobes than one. 
Ib the former case the seed is said to be Manocoty^ 
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ledonaus ; in the latter case, it is said to be Dicoty' 
kdonaus. 

Dicotyledonous seeds^ which constitute by far the Divisible 
majority of seeds, are well exemplified in the Gar- ioU»T^ 
d^n Bean, in which the cotyledons appear, as in 
many other seeds, immediately under the proper 
integuments, in the form of two large lobes of a 
pls^no-convex figure, and fleshy but firm contex- 
ture; without indentations or divisions, having 
the flattened' surface closely applied together, and 
forming conjunctively a sort of kidney*shaped 
figure, as well as constituting the principal mass of 
the seed, which has seldom any albumen if the 
co^ledon is large. In other cases the lobes are in. 
their united figure cylindrical, as in Pisonia; or 
spiral, as in the Pomegranate ; or sickle-shaped, as 
in Canella; or hooked and semi-circular, as in the 
lAfchnidea ; or they are cleft, as in the Lime-tree ; 
or keeled, as in the Privet ; or hollowed out into 
cavities, as in the Beech. They are also^ for the 
most part, divisible without much difliculty, as they 
are not united by the whole of their tangent sur- 
faces, but only by a point situated somewhere in 
their circumference, and forming a small protu- 
berance; though there are some examples, as in 
Tropaolum, in which the flattene4. surfaces do finally 
coalesce, about the time of the maturity of the , 
fruit ; as well as others in which, from the diminu- 
tive size of the seed, the division is not easily ef- 
fected. In the former case the seeds should be 

s2 
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exaihined before diey are quite ripe, and in tlie 
latter they should be steeped for a while in some 
coloured infusion^ such as may penetrate between 
the lobes and point out the line of division. 
Their colour is generally white or green, but ih the 
ripe seed of leguminous plants it is yellow, and in 
the seeds 6f Bidetts land Zinnia it is purple. They 
are genehilly without smell ; if they have any it is 
not t^ild of aromatic. Their taste is for the most 
p^tt hot and bitter ; but in the Almond, Nut, and 
Walnut, it is swei^t and grateful. 
Not divi- But although the greater part of seeds are, lik^ 
twoloba. ^^^ ^^ ^^^ Bean, Aimished with two cotyledons', 
thefe is at the same time a considerable number 
tvhose cotyledon consists of one lobe only, and may 
be Exemplified, according to Gartner, in the seeds 
of the Scitamineay Gramina, Palnut^ Orchidae, 
Imd Liliacea, though the three last of these 
jfamilies seem now by some botanists to be re- 
gardied as improperly placed under this division of 
v6getabtes.'* 

On thi^ stibjefct I can say nothing from my own ob- 
servation, having never had an opportunity of watch- 
ing lAie gerknination ot the seed3 in question ; but 
iVom Gaertner^s universally aknowledged accuracy, 
t am altogetbelr iit a loss to conceive how he coaki 
have been so egtegiously mistaken in a case coming 
iinttiediately under his own inspection ; and must 
confess myself to be still sotnewhat scepticaf with 

* Smith's Inquiry into the Structure of Seeds. Lin. Trans, ix. 
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regard to the propriety of any arrapgeo^ept t^^t 
would transfer the plants in que^tioa to any divisipp 
of vegetables different from that iq which be hfts 
p)a^ them* 

The opinion of Gaertner with regard tp theThecotj- 
Grasses ha^ been itlso denounced as errppepuq i^ grasses. 
not in supposing them to be furnished with 9 pot:y- 
ledon^ that is indivisible into ^obes^ for that is 
admitted; but in regarding the sheath that in- 
vests the plantlet as bein^ their cotyledoq: which 
jopinion I do, however j most confidently ^dopt, fpr 
reasons founded on a minute inve^tigatipp of this 
subject, which I may perhaps have api opportunity 
i>f introducing in the sequel of the work. 
, The Scitamine<s then is the only one of the ^bovp 
^mentioned tribes about the cotyledon of vf^ufky 9P^ 
^XH'ding ^ ^aertner's view of tb^ subjeet^ tb^erp 
'fc^ins to be no dispute. But as the British pby.t9- 
logist can have but few opportunities of observing 
.the germination of such plants, I shall point opt an 
.example or two to which he can have easy accesp, 
and in which hp n^^y trace the phenomena of the 
germination of plants furnished with a single- 
lobfd cotyledon only, without going far from %is 
jhome. These are ^^t^ AUivm Cepfl or the common 
Onion, which is to be found in every garden; and Of the 
accmidly^ Alisma Plantago or Water Plaflt^n, JJJfter '°^ 
which is to be found in almost every pond or ditch- P'*"^^'"- 

^;* Smith's lo^uiry into the Structure of See«U. Iai^. Trans., ix. 
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In the former case he must frequently inspect the 
Onion bed about the time the plants are coming 
up ; and in' the latter case he has only to take up a 
little of the mud near one of the plants of Alisma 
in the spring, and keep it moist with water in a 
flower-pot, and the self-sown seeds will soon begin 
to sprout; or the seeds may be gathered when 
ripe, and kept to be sown on purpose in the spring. 
Cotyle- As there are some seeds whose cotyledon consists 

sU^kfnto ^^ °"^ ^^^ ^^h^ falling short of the general num- 
J^T^ her, so there are also a few whose cotyledon is divi- 
sible into several lobes, exceeding th^ general num- 
ber. They have been denominated polycotyledo- 
nous seeds, and are exemplified in the case of Lepu 
dium sativum or common Garden Cress, in whicl^ 
' the lobes are six in number ; as in that also of the 
different species of the genus Pinus, in which they 
vary from three to twelve. In the former case 
they are circular in their vegetating state ; and in 
the latter they are lanceolate, originating in a whirL 
The Mosses, as it appears from the observations of 
Hedwig,* should perhaps be referred to this divi- 
sion also; the lobes of the cotyledon being in 
them numerous beyond all other examples, though 
the propriety of this arrangement will depend 
entirely upon the particular view that is taken of 
the subject, as relative to the seed only, or to the 
evolved plant. For the classes that are pure in 
carpology, are not always pure in phy tology ; -f- a 
• Fund. Hist. Nat. Muse, part ii. 25. f ^ Scm. vol. ii. 
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seed that is itself acotyledonous may yet in ger- 
mination produce a plant that shall be furnished 
with a cotyledon^ which seems to be the case with 
the Mosses. It should also be further observed 
that there are cases in which a seed having 
naturally but two lobes may by accident acquire a 
greater number. I have more than once opened a 
Hazel-nut whose kernel or cotyledon consisted of 
three lobes instead of two, its usual number. The 
lobes were nearly of an equal size^ each consisting of 
about a third part of the kernel^ and approaching to 
the shape of a triangular prism. The kernel was 
externally of the usual shape^ and perfectly. sound 
and goodp 

There is yet an additional distinction that has 
been instituted among cotyledons^ and that may be 
here taken notice of. It is that by which they are 
divided into Epigaan and Hypogaan cotyledons. 
The Epigaan cotyledons are such as spring up 
during the process of germination above the surface q£ 
the earthy and are converted into what are usually . 
called seminal leaves ; being sometimes thick and 
ieshy lobes, as in the case of leguminous plants, and 
sometimes thin and foliaceous as in the case of the 
Carrot an4 Radish, though generally different both in 
shape and structure from the future leaves of the 
plant. The Hypogaan cotyledons which are pecu'- 
liar perhaps to dicotyledonous seeds, are such as do 
not dischai^ any conspicuous function during the 
process of germination^ or undergo any perceptible 
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evolution, but rertiaiti enclosed within the proper in* 
teguments of the seed, and concealed underlie sur- 
fkee of the earth. They are «emplified in the 
case of the Horse-chesnut and Walnut. 
Aeotyle- But althoUgh by far the greater number of seeds 
are furnished with two cotyledons, or with a coty- 
ledon visible or not divisible into several lobes, there 
is also a considerable proportion in whidi the coty-^ 
Ifedon is altogether wanting, or at least believed to be 
vranting by botanists in general. These, according 
to Gartner, are exemplified in the Fuci, Fems« and 
Fungi, the embryo being merely a germinating 
dcatricle imbedded in the surface of a vitellus 
which forms the mass of the seed. 
' But Hedwig, to whose opinions on this subject 
itauch deference is also due, maintains that the seeds 
tli the plants in question are furnished with cotyle- 
dons as well as those of other plants, and that no 
^eed whatever is witho\it them. This is a case, how^ 
evter, in which the general opinion of botanists ia 
against him, as may be seen from the many systems 
founded upon the presence, or absence, or number 
of the cotyledons, and exemplified in diat of the 
great and justly celebrated Jussieu, whose primary 
divisions are those of ocotyledofMis^ man§catyk* 
donotts, and dkotykdomus plants, the pafycatyle^ 
dtmous being, perhaps, thought to be too* fiew in 
Aumber to constitute a separate division. It should 
fte recollected, however, that the above divisions 
Were instituted at a time when die sulgect had not 
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yet undergone finy thing like a rigproiis scrutiny^ 
that already many changes have been found 
necfsssary, and that future invesi^^tions will in all 
probability point out the necessity of more. In 
watching the germin^ition of Fern-seed, Mirbel ob- 
served some substances which he regards ad coty* 
ledons, and so far supports the position 6f Hedwig ; 
but whether he represents them as being monocoty- 
kdonous, . or dicotyledonous^ I do not now recol- 
lect, as it is several years since I have seen his 
book.* 

The Plant let. ^r-^Tht Plantlet, which implies 
merely the future plant iil miniature, is the interior 
and essential portion of the embryo^ arid seat of 
vegetable life. In some seeds it is so minute as to 
be scarcely perceptible; while in others it is so 
lai^ as to be divisible into distinct parts, as in the 
Garden Bean {PL VIIL Fig. 2.), in which it is 
situated near the scar, being partly lodged within 
the lobes, and partly in a small and conical process, 
projecting beyond the general line of their circum*- 
ference and uniting them together. 

. The portion that is lodged within the lobes cor* Its parts. 
responds to the caudex ascendens of Linnaeus, being 
the rudiments of the future leaf aiid stem, and 
generally denominated the plumelet ; and the por«^ 
tion that is lodged within the conical .process corw 
responds to the caudex descendem of Linnaeus, 

• Trait. (PAnat. et Phys. Veger.J 
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being the rudimenta of the future root, and gene- 
rally denominated the radicle. 
ThendU This conical and projecting process^ which is 
very evident in the Bean, has generally been re- 
garded by botanists as being wholly a Radicle, and 
accordingly described as such. But Mr. Knight has 
shown, by the most satisfactory evidence, that it is^ 
externally at leas.t, merely the part from which the 
radicle proceeds, and not the radicle itself. And if 
any one will take the trouble of examining the pro- 
cess in the seed of the Horse-chesnut he may sooa 
satisfy himself of the fact, if he is at all dexterous 
at dissection ; its external portion being merely a 
prolongation of the lobes of the cotyledon, uniting 
them together and investing not only the radicle 
but the plumelet also. 

The radicle is the most constant of all the partft 
of the seed, being often found, at least by means 
of its integuments, where the plumelet is not at all 
perceptible. Its most simple form is that of a 
white point or speck upon the surface of the nucleus, 
though it is also often to be found in the form of a 
cylindrical or conical process, as already described. 
Sometimes it is longer than the cotyledons, that is 
as invested with its integuments, as in Rizophora ; 
and sometimes it is shorter, as in leguminous plants. 
It is generally, or rather almost universally, solitary, 
except in the seeds of Secakj Triticumj and -Hbr- 
deumy according to Gaertner. But the appearances 
are certainly the same also in the genus Avena, 



SECT. I. THE SEED. 267 

from which I should have, perhaps, inferred that 
they are the same in all Grasses whatever. But as 
Gsertner seems to deny this position I shall not 
insist upon it at present. It is said to be superior 
if situated near the summit of the seed, as in the 
Umbellifera ; and inferior if situated near the base 
of the seed, as in Compound Flowers. But it is 
always itself regarded as the base of the plantlet, 
commencing at the point in which the plantlet and 
cotyledon unite. 

The Plumelet, so denominated from its resem-The 
blance in some examples to a small feather, issues^*''" 
immediately from the radicle, and is the summit of 
the inikot plant. It is not discoverable in what are 
called monoootyledonous seeds, except, as it is said> 
in a fevf of the Grasses ; and even in seeds called 
dicotyledonous it is not always easily detected. But 
it may be very easily detected in the Garden Bean, 
by means of gently opening up the lobes of the 
cotyledon, between which it lays enclosed in the 
form of two small leaflets pressed close together, 
and intersected with a number of fine nerves or 
veins. 

Gartner has distinguished plumelets into two dif- 
ferent sorts, the simple and the compound, although 
it seems to be a division of no great utility. The 
plumelet is simple if the leaflets are sessile and in 
opposite pairs, as in the Laurel ; and compound^ if 
if they are supported upon a common petiole, as in 
the Walnut. In the former case the leaflets are 
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cyii^qdricid, oblong, or ovate, as in most seeds ; or 
they are spiral, as in GyrocarpM Jacquini* In the 
latter they are conjugate, as the Tamarisk ; or di<- 
gitaie, as in the Horse-chesnut ( or crowded^ as in 
Lathyrw. 
locipient But though the plumelet issues for the most part 
immediately out of the radicle, without the inter- 
vention oi any thing like an incipient stem ; yet 
there are some plantlets, such as those of the seed^ 
of Persimon^ Vtscum^ and Berberis^ in which th^ 
vesteges even of an incijnetit stem may be dis- 
cemed ; so that it may truly be said that there is 
no part of the full-grown plant that does not already 
«xi8t in miniature in the tender embryo, waiting 
only the concurrence of favourable circumstances 
to give it evolution. 



SECTION II. 

The Pericarp. 
Reducible- The Pericarp^ which in different species of fruit 

under all • ^ • #• ^ * • 

its modifi* assumes so many vaneties of contexture, acquires 
cations of j^^ several aspects not so much from a diversi^ of 

substance as of modification. 
Capsule, The vcJ e . of thp Capsule, but particularly the 
partitions by which it is divided into cells, are com- 
posed of a thin and skinny membrane^ or <tf an 
rcpidermis covering a pulp more or less indurated^ 
and interspersed with longitudinal fihres. Tie 
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capsule of the Mosses is composed of a double 
and net-like membrane, enclosed within a fine epi- 
dermis. 

The Pome is composed of a fine but double epider- Pome, 
mis, or, as Knight says, of two skins, enclosing a 
soft and fleshy pulp, with bundles of longitudinal 
fibres passing through it, contiguous to, and in the 
direction of, its longitudinal axis. 

The valves of the Legume are composed of an Legume, 
^idermis enclosing a iSrm but fleshy pulp, lined 
for the most part with a skinny membrane, and jof 
bundles 6f longitudinal fibres, forming the seam/ 

The Nut-shell, whether hard or bony, or flexible Nut-BhelL 
and leathery, is composed of a pulp more or less 
iiighly indurated, interspersed with longitudinal 
ilbres, and covered with an epidermis. 

The Drupe is composed of an epidermis enclosing Drape, 
a fleshy pvAp, which is sometimes so intervoven with 
H muUiplicy of longitudinal fibres as to seem to 
iKmsist wholly of threads, as in the Cocoa^nut^ 

Th^ Berry is composed of a very fine epidermis Berry, 
enclosing a soft and juicy pulp. 

The scales of the Strobile are composed of a Strobile, 
tdugh and leathery epidermis, enclosing a spongy but To epider- 
oft»n highly indurated pulp interspersed with Ion- bJLn"*°** 
gitudinul fibres that pervade also the axis. gSw! ^^ 
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SECTION IIL 

Th^ Flower-stalk and Flower. 

The Flower-stalky or peduncle supporting the 
flower^ which is a prolongation of the stem or 
branchy or rather a partial stem attached to it, if 
carefully dissected with the assistance of a good 
glass will be found to consist of the following 
Composed several parts : J st. An Epidermis^ or external en^ 
misfpa-' velope. 2dly, A Parcnchjftna, or soft and pulpy 
^*'^^™'' mass. 3dly, Bundles of longitudinal threads or 
Jibres^ originating in the stem or branch, and passing 
throughout the whole extent of the parenchyma. 
As exem- The several organs of the flower are merely pro- 
longations of the component ' parts , of the flower- 
stalk, though each organ does not always contain 
the whole of such component parts, or at least not 
under the same modifications. The epidermis, how- 
ever, and parenchyma are common to them all; 
but the longitudinal threads or fibres are tdldom 
if ever to be found except in the calyx or corolla. 
The calyx. In the Calyx the epidermis is thicker on the ex- 
terior surface than on the interior surface ; and the 
threads or fibres which in the peduncle formed but 
a few bundles, are subdivided intx> a variety of ra- 
mifications constituting a thin and flat network, of 
which the meshes are filled up with parenchyma. 
Corolla, The Corolla, though much more delicate in its 
texture than the calyx, exhibits by dissection the 
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same component parts^ which are distributed also in 
the same manner. 

The Filaments seem to consist merely of a FilAmenti, 
parenchyma enveloped by a fine epidermis, without 
exhibiting any traces of ' longitudinal threads or 
fibres, with which however they are said to be 
occasionally furnished.* In the Tulip the fila* 
ments are tubular, which is, as I believe, a rare oc- 
currence. 

The Pistil, like the filaments, appears to consist Pistil, and 
merely of a parenchyma enveloped by a fine epi- 
dermis, except on the stigma ; though the longitu- 
dinal threads or fibres so numerous in the calyx and 
corolla are said to have been occasionally detected in 
it also.*f* 

In leguminous and liliaceous plants the style is 
evidently tubular, and has been suspected to be 
so in all plants whatever. But it would require a 
much more extensive induction of particulars than 
has -yet been made to enable any one to speak with 
certainty on the subject 

The Ovary is at first, like the rest of the pistil, a O^ary. 
soft and pulpy mass, in which the parts of the con- 
tained fruit cannot yet be distinguished, nor the 
fibres by which it is connected with the foot-stalk. 
But as the germe begins to expand, and to acquire 
a greater degree of consistence, its parts and 
mode of attachment are rendered perceptible. In its 
early state, however, it presents but little to the view 

 Scneb. Phys. Veg. vol. ii. p. 60. f Ibid p. 84. 
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of the disseGtor bejrond that of a few bundles of 
fibres dispersed throughout a pulpy parenchyma, and 
enveloped by a bark or epidermis. But when the 
flower has once fallen^ and the ovary attained to its 
utmost magnitude^ and the fibres and parenchyma 
of the peduncle have begun to become firm and 
woody, the fruit begins also to assume a mature and 
ripened aspect, and gradual change of consistence; 
exhibiting its last degree of developement and 
solidity, and consisting of the pericarp and enclosed 
seed. 

SECTION IV. 

The Leaf-stalk and Leaf. 

Composed The Leaf-stalk, or petiole supporting the leaf, 
epidennb, whicjh is a prolongation of the branch or stem, or 
I^Pjl^^^ rather a partial stem attached to it, exhibits upoa. 
longitudi- dissection the same sort of structure as the pedun- 

palfibret. -j . 1 i. 

cle-— namely, an epidermis, a pulp or parenchyma, 
and bundles of longitudinal threads or fibres. 

The Epidermis, which is a thin and fine membrane, 
discovers when detached the enclosed parenchyma 
and interspersed fibres, which are generally in three, 
five, or seven sets, appearing like round transparent 
points up6n a transverse section, or like thick and 
strong threads upon a longitudinal section ; being 
always most distinguishable at the base, where they 
occasion a considerable protuberance ; and occupy- 
ing in their distribution a line forming a circle, or a 
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stetion of a circle, upon which the external form of 
the petiole depends. If the circle is completed in 
the distribution of the several bundles, the petiole is 
cylindrical ; and if the circle is not completed, it is 
then semi-cylindrical, being concave above and con- 
vex belo\f > and thus presenting, like "the leaf, two 
different surfaces. 

The expansion of the leaf, which is merely a pro- 
longation of the petiole, discovers upon dissection 
the same component parts, though differently modi- 
fied. If a leaf is taken and torn asunder, either in 
a transverse or longitudinar direction, fragments of 
a fine and transparent pellicle will be seen project^ 
ing beyond the edge of the torn part. This is the 
epidermis. It may be detached in large portions 
from the leaf of the common Sorrel ; but enough of 
it may be detached from the surface of almost any - 
leaf for the purpose of microscopical inspection. 

When the epidermis is stripped off, the parenchyma The fibres 
is then laid bare, being of a green and pulpy sub- theexiME^ 
stance, constituting for the most part the mass of ^^"^^^^ 
the leaf, interspersed with the prolongations of the 
fibres of the petiole, which are now divided into a pro- 
digious number of ramifications mutually embracing 
and intersecting one another, and forming a sort of 
fabric similar to a piece of fine net^work. The princi* 
pal fibre, extending from the base to the apex of the 
leaf, forms what is called the midrib, and the rami- 
fications form what are called the nerves and veins, 
the nerves being composed of the larger bundles of 

VOL. I. T • 
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fibres^ and the vedns of the smaUer bundles^ In 
simple leaves, wbedur entire or indented^ whether 
petiolate or sessile, the fibres of the petiole or baae 
branch out into several large and principal nenrea 
expanding like the ribs of a &n» and diminishing 
in size as they elongttte by means of the ramifica- 
tions they send out, till they are at last lost in the 
-margins. There are examples, liowever, in which 
the fibres or nerves of the expansion project beyond 
the margin, and hang down in the form of direads, 
as well as others in which they fall short of the 
margin, the leaf being bonnded by a thin and mem- 
bmnaceous border that seems to be merely a prolon- 
' gation of the epidermis. 

Sometimes three or more of the principal nerves, 
as in Narrow-leaved Plantain, take rather a vertical 
* direction, and extend fit>m the base to the apex of 
the expansion. But in leaves that are lobed or 
divided, the division is always formed by a princi- 
pal nerve proportioned to the size of the lobe. The 
iform of the expansion therefore depends upon the 
peculiar mode of ramification assumed by the fibres 
after quitting the petiole. In the Grasses, indeed, 
the distinction of the fibres of the petiole or sheath 
investing the stem is already analc^us to that of 
the expansion of the leaf, except that the bundles 
or nerves ^re fewer in the former than the latter, 
branching out into minuter divisions as they ascend 
obliquely fro^i the one into the other. 
Which But the circumstance which is the most singu- 

COMISti of 
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lar is that the fibres are not only subdivided 
into a variety of ramifications forming a fine net* 
work^ but that the net-work is double (PL VIIL 
Fig. 3.), consisting of two layers, tVie one corre- 
sponding to the upper,, and the other to the under 
surface of the leaf. Hollman detected and sepa- 
jrated them in the leaf of the Pear-tree,* and 
Linnaeus in the leaf both of the Pear and Apple- 
tree. He even discovered their points of union, 
and remarked that the net-work corresponding to 
the under surface was much less firm and com- 
pact in its texture than that corresponding to the 
upper surface. Hedwig discovered two layers, even And 
in the minute and tender leaf of Sphagnum palmtrty onhraT* 
and affirms that he found, in the leaves of the Pear^^^^* 
and Orange-trees, three layers of net-work,*f- which 
I have not indeed been able to detect in the 
former. But no language is able to convey an ade* 
quate idea of the delicacy and intricacy of the / 
web. It must be inspected as it exists in the con- 
texture, or rather in the decay of the leaf, whole 
leaves being often found reduced to a skeleton of 
fibres in the winter or spring, lying at the roots of 
trees in situations where they have not been disperse 
ed by the wind. But if they are not to be found 
ready prepared as in this case, the dissector must 
have recourse to maceration. 

* Phil. Tnuu. 17M^ f Fund. Hist. Nat. Muse. chap. t. 
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SECTION V- 



Gems. 



Dhrided In the previous description of the external strue- 
spceiet. ture of the plantj it has been shown that there 
exists among the different tribes of vegetables four 
distinct species of gems — ^two pecuh'ar to perfect 
plants, the bud and bulb — and two peculiar to im* 
perfect plants^ the Propago and Gongylus ; the lat* 
ter being denominated simple gems, because furnish- 
ed with a single envelope only ; and the former 
being denominated compound gems, because 
furnished with more than a single envelope. 



SUBSECTION I. 

c>nsUts The JBfo/.— Buds, as was observed in the former 
ofi^esf book, are composed externally of a number of 
spoon-shaped scales overlapping one another, and 
converging towards a point in the apex, and often 
cemented together by means of a glutinous or 
mucilaginous substance exuding from their surface. 
If these scales are stripped off and dissected under 
the microscope, they will be found to consist, like 
th« leaves or divisions of the calyx, of an epidermis 
eix^losing a pulp interspersed with a net-wdrk of 
fibres, but unaccompanied with longitudinal threads, 
at least in such specimens as 1 have dissected. 
The epidermis^ on the outer side of the scale, is of 
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a much stronger contexture than that of the inner 
side, and much more easily detached, as may ho 
seen in the scales of the buds of the Horse-chesnut 
and Filbert ; in which last the inner epidermis is so 
incorporated with the pulp, as to be detachable 
pnly in very small portions. 

But as buds produce either leaves or flowers, or 
both, it was to be presumed that the leaves and 
flowers must exist in an incipient state in the bud, 
long before the period of their evolution; which 
presumption the dissection of buds has shown to be 
the fact 

If the scales of a leaf-bud *are taken and stripped Andmter* 
ofl^, and the remaining part carefully opened up, "hen^i- 
it will be found to consist of the rudiments of a ^"^•^ 
young branch terminated by a bunch of incipient l»uich«, 
leaves imbedded in^ white and cottony down, being 
minute butcomplete in all their parts and proportions, 
and folded or rolled up in the bud in a peculiar and 
determinate manner. Hiis has been denominated the 
foliation of plants, and reduced by Linnaeus to ten 
different modes.* 1st, The Involute {PL VIII. 
Fig. 4.), in which the lateral mai^ins of the leaves 
are rolled inwards on both sides, as in the Apple, 
Poplar, and Violet. 2dly, The Revolute {PL VIII. 
Fig. 5.), in which the lateral margins of the leaves 
are rolled backwards on both sides, as in the Water 
Lily, Primrose, and Pellitory. 3dly, The Obvolute 
{PL VIIL Fig. 6.), in which the margins of oM 
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and dissected in the foregoing manner^ the rudi- 
ments of its future products may be also distinctly 
perceived long before the period of its evolution. 
Ledermuller is said to have dissected a bud of the 
Horse-chesnut, containing both leaf and flower, in 
the winter, of about the size of a Pea, in which, 
after removing the scales, he found four branch- 
leaves covering a flower-spike consisting of upwards 
of sixty florets. Jn the month of March 1810, I 
opened up a bud of the same plant which had- not 
yet burst its scales. The scales, which were about 
fifteen or sixteen in number, being removed, were 
, found to contain one pair of opposite leaves now 

laid bare, the divisions of which were closely mat- 
ted together with a fine down. The leaves upon 
being opened were also found tO' contain withia 
them a flower-spike, consisting of not less than a 
hundred florets ctosely crowded together, each en- 
veloped hy its downy calyx, which when opened 
discovered the corolla, stamens^ and pistil, distinct ; 
the rudiments of the future fruit being also di»« 
ccmible in the ovary. 

The petals of the corolla before their evolution 
are wrapped up in the flower-bud like the young 
leaves of the plant in the leaf-bud ; and are also 
found to exhibit .similar varieties of involution, 
which seem to have been first observed and describe4 
b^ Grew in his Anatomy of Plants.* 

* Anat. of Plants^ book. i. chap. v. 
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SUBSECTION II. 

The Bulb.— B\i\hs. which according to the dis- Dii«ccti<m 

• of ' 

tinctions instituted in the foregoing book are leither 
radical or caulinary, exhibit in their external struc- 
ture, or in a part of their internal structure that is 
easily detected, several distinct varieties, some 
being solid, some coated, and some scaly ; but all 
protruding in the process of vegetation the stem, 
leaf, and flower, peculiar to their species. 

If the solid bud is taken and divided into two Whethor 
halves by a vertical or longitudinal section, it will ' 
be found to consist externally of a sort of fibrous or 
membranaceous envelope separable into two or 
more layers ; and internally of a fine epidermis en- 
closing a firm but succulent pulp, in the centre of 
which are lodged the rudiments of the future plant, 
as in Gladiolus communis and Colchicum autumnak^ 
in which th^ several parts of the flower may be dis- 
tinctly perceived long before the period of their 
natural evolution. 

If the coated bulb is taken and dissected, it will Coated, 
be found to be composed of a succession of con- 
centric layers somewhat resembling. a number of 
hollow spheres gradually diminishing in size from 
the circumference to the centre, and enclosed with- 
in one another. The exterior layer consists some- 
times of a fine and delicate membrane, as in the 
Onion ; or of a thick and leathery coat, as in the 
Tulip, forming ft sort of envelope to the bulb \ and 
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the interior layers^ of a fine epidermis enveloping 
a succulent pulp from which they acquire a con- 
siderable thickness particularly towards tlie base, 
and form a sort of fleshy mass, being united by a 
viscid juice that exudes from, their surface, as in the 
bulb of the Onion ; or by transverse and vertical parti- 
tions, as in the bulb of the Snow-drop. The incipient 
plant is lodged in the centre of the nucleus, and is 
discoverable by dissection long before the period of 
its natural evolution, as in the case of the solid bulb. 
Tliis is particularly well exemplified in the bulb of .the 
Tulip^ which if it is taken even in the beginning of 
January and cut up carefully into two halves in a 
line passing through its longitudinal axis, the petals, 
stamens, and pistil, and incipient stem, may be all 
distinctly perceived, small and delicate in their ap« 
pearance, but complete in all their parts. 

Or scaly. If the scaly bulb is dissected, it will be found to 
consist externally of the base of the sheathing part 
of the root*leaves of the former year, transformed 
into the shape of scales by the decay of their upper 
portion, and distributed like the scales of the bud ; 
and internally of the, rudiments of the root-leaves 
of the following year, with the incipent st^m and 
stem-leaves occupying the centre. 

Whether But in the dissection of radical bulbs, of what- 
ever species, there is generally to be discovered 
several small and incipient bulbs issuing from the 
main bulb, and situated for the most part upon the 
base ^ if in the solid bulbj between the envelope 
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and nucleus ; and if in the coated or scaly bulb^ 
between the coats or scales. In their form they 
resemble buds, and^ in the process of vegetation, are 
detached from the parent plant and converted into 
new individuals. 

The caulinary bulb is alway a scaly bulb^ resem- Or caoG- 
bling the bud in the structure of its, scales ahd*^^' 
evolution of its contained parts ; and differing from 
it merely in the circumstance of its detaching itself 
spontaneously from the parent plant, and forming 
a distinct individual. 



SUBSECTION III. 



Uie Propago.'^The Propago, which is a simple 
gem peculiar to some genera of imperfect plants^ 
and exemplified by Ga&rtner in the Lichens, consists 
of a small and pulpy mass forming a granule of no 
regular shape, sometimes naked, and sometimes 
covered with an envelope, which is a fine epidermis. 



SUBSECTION IV. 

The Gongylus. — The Gongylus, which is also a 
simple gem peculiar to some genera of imperfect 
plants, and exemplified by Gsertner in the Fuci» 
consists of a slightly indurated pulp moulded into 
a small and globular granule of a firm and solid 
contexture^ and invested with an epidermis. 
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SECTION VI. 



OefinU 
ttoa. 



Varieties 
of struc- 
ture. 



The Caudex. 

The term Caudex^in its present application, is to be 
understood as including the whole mass or body both 
of the trunk and root, as distinct from the temporary 
parts of the plants or parts already investigated ; 
and as comprehending both the caudw ascendcns, 
and caude.T descendens of Linnaeus, or the trunk 
and its divisions, with the root and its divisions. 

In opening up and dissecting the caudex, whether 
ascending or descending, the dissector will soon dis- 
cover that its internal structure, like its external as- 
pect or habit, is materially different in diflferent 
tribes of plants. This was long ago pointed out by- 
Grew in his Anatomy of Trunks, and well illus- 
trated by plates. It was further illustrated by 
Plumier in his treatise on the Ferns of America, as 
well as also by Linnaeus ; and still more recently 
by Messrs. Daubenton and Defontaines, who have 
indeed investigated the subject with great ability ; 
the former in a Memoir presented to the Academy 
of Sciences in 17Q0; and the latter in the first 
volume of the Memoirs of the National institute^ 
but who, by generalizing their notions perhaps 
somewhat too hastily, and without that full induc- 
tion of particulars which the case requires, have been 
led to exhibit rather a defective view of the modes of 
vegetable organization ; arid to apply such as they 
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have exemplified rather incorrectly to the different 
tribes of plants. 

This remark allades to the two different modes of As exenw 
internal structure, which they have indeed demon- mon^coty- 
strated and described in the most masterly manner Jj^j J^ 
in the above mentioned papers, and presumed, as it tyledooQus 
would appear, if not altogether to exhaust the sub- 
ject, at least to correspond respectively to the two 
different divisions of plants known by the appella- 
tion of Monocotytedonous plants on the one hand, 
and Dicotyledonous plants on the other ; the caudex 
of the latter being represented as composed of dis- 
tinct, concentric, and divergent layers, decreasing 
in solidity from the centre to the circumference, 
and containing the pith in a canal ; and the caudex 
of the former being represented as exhibiting no 
evident traces of concentric or divergent layers ; but 
bundles, or assemblages, of large and woody fibres, 
decreasing in solidity from the circumference to the 
centre, and interspersed throughout a pith.* 

But the fact is, that the two modes of internal Which do 
structure here specified do not uniformly and re- hau»rthe 
spectively pervade the two grand divisions of plants »"^J«^^- 
now in question to the exclusion of each other ; 
there being many dicotyledonous plants whose mode 
of internal structure is precisely the same with 
that which is here described as peculiiir to monoco- 
tytedonous plants, as may be exemplified in most 
herbs; although the converse of the proposition 

* Defon. Meoo. de I'lostit. Nat. tome u 
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» 

may not .be true^ so that if any general dwigioii 
arising from internal structure is adopted^ - it must 
be instituted on different grounds. \ 

And if the wbject is understood to be exbaasted, 
^ what are we to say of such genera as are iumished 
with mojre than two cotyledons ? Defontaines says, 
indeed^ that they are only dicotyledonous plants 
after all, but does not offer any satisfiictory proo^ 
which if he were even to produce^ still there would 
remain the severial tribes of plants that are con- 
fessedly destitute of cotyledons altogether, which 
would leave an additional class or division entirely 
unprovided for^ even if we should not, with Dr. 
Smith, suppose the Date Palm, the very subject 
of Defontaines' description, to«be itself acotyie- 
donaus. 

But this additional class is altogether different 
in its organization from the other two^ exhibiting 
neither the woody layers of the one, nor the woody 
fibres of the other; but consisting merely of a 
spongy, or leathery, and homogenous mass of pulp 
or slender fibres enveloped by an epidermis, as in 
the case of many of the imperfect plants ; which 
cannot however be represented as exhibiting any 
very strict uniformity of structure throughout, but 
only such a similarity of mode as may justify an 
arrangement founded merely on generalities. And 
hence the ground of a much more comprehensive 
division of v^etables, as founded on the internal 
structure. 
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SUBSECTION !• 

The Caudex an Homogeneous Mass. — ^The first 
geaeml mode of the; internal structure of the 
caudex is that in which an epidermis encloses 
merely an homc^nous mass of pulp or slender 
fibre, that forms the principal body of the caudex^ 
and becomes somewhat indurated with age, though 
not woody, without discovering any further variety 
of component parts* This is the simplest mode of 
internal structure existing among vegetables, as has 
been observed by M. Mirbel in his Anatomy of 
Plants, and exemplified in the lower orders of As 
frondose and imperfect plants, particularly the [h« aigsT 
AlgiE and Fungi, so that any one may easily satisfy *"^ ^"^ 
himself on the subject, as many plants of the above 
tribes are extremely common, such as Lichen and 
Tremella in the Tormer, and Boletus^ AgaricuSi and 
Oaoaria in the latter. {PI. VIII. Fig. 12.) 

Plants of this structure have seldom any distinct 
or conspicuous root ; or if they have, it consists 
merely of a few small fibres which, are themselves 
composed of an epidermis or bark containing a 
tough and stringy thread. 



SUBSECTION II. 



The Caudex an heterogenous mass. — ^The second 
general mode of internal structure is that in which 
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an epidermis encloses a caudex^ that consists of two 
or more substances, or assemblages of substances^ 
totally heterogeneous in their character. 

The Mass consisting of pulp and interspersed 
^bre. — A very common variety of this mode ift 
that in which an epidermis or bark encloses a soft 
and pulpy mass, interspersed with a number of 
longitudinal nerves or jfibres, or bundles of fib^ed^ 
extending from the base to the apex, and disposed 
in a peculiarity of manner characteristic of a tribe 
A9 exem- or genus. This mode prevails chiefly in herbaceoufi 
anoualt'^ and annual or biennial plants, and necessarily id- 
S^JIl*''*' volves some considerable variety ; the pulp being 
plants, sometimes solid and sometimes tubular, and the 
fibres being, in both cases, sometimes scattered and 
sometimes contiguous, sometimes arranged irre^ 
gularly and sometimes in a determinate order. 
AsjQu- 1. The Pulp being solid. — If the stipe of Aspi- 
Six-mti. dium Filix-mas (P/. VlII. JRg". 13.) is taken and 
divided by a transverse section towards the bas^, 
it will be found to consist of an epidermis enclose 
ing a solid pulp, and to exhibit upon the sur-^ 
face of the section, five circular spots of a darker 
colour than the rest, arranged in a line forming 
about three-fourths of the circumference of a circle, 
and concentric to the circumference of the stipe. 
These spots are the divided extremities of five 
bundles of longitudinal nerves, as may be rendered 
evident by opening up the stem longitudinally, 
when the several bundles will appear in the form 
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of Strong threads, eabb surrounded with a proper 
bark or covering of a brown' colour and knembra-^ 
naceous contexture, and extending throughout the 
whole tength'both of the stipe and racbis. 

If the stipe of Pteris aquilina or Common Brake Pteris 
IS taken, and divided by a transverse section to^**^" °'' 
wards the base, it will be found to consist of an 
epidermis or bark, enclosing a solid pulp ; and to 
exhibit upon the surface of the section a number of 
clusfers or circular spots, of a darker colour than 
the rest, but not so arranged as to be reducible to 
any very definite figure. Their aggregate appear- 
ance however, upon an oblique section has been 
thought by Linnseus to bear a resemblance to the 
eagle of the Roman standard, sufiiciently correct 
td ^entitle the species to^ the trivial name of aquilina, 
though it cannot be said that the likeness is any 
thing very striking. But the transverse section 
exhibits a likeness that is perhaps more so, namely, 
that of an Oak-tree in full leaf ; a likeness that has 
•been recognized at least by the peasantry of this 
country^ among whoni it is designated by the name 
oi King Charles' Oak. 

. ' If the stipe or stem of the Date Palm is taken And the 
ami * divided by a transverse section, it will be * ^"^' 
found to :consist of an epidermis enclosing a pulpy 
and solid mass ; and to exhibit over the whole sur- 
face of the section a great number of black spots 
dispersed without any regular order upon a white 
ground, lai^r in the centre, and smaller in the 

VOL. I. u 
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eutMMifiNneBee ; Imt the hi^gdrt not beiiig niow tluai 
dM (bird of a lioe in dkmeter. Hmsm spots m^ 
tiw divided «xtrettitass of bundles of loBgitodinal 
fibres pessioi^ fiom the base to tibe smnmit of tho 
stefBt in e direction |NmUel to its axis^ end sepa* 
mble by naoeration. 

This is the famons example addnoed hy Omi* 
benden and Defontsines^ in iUttstration of the 
strnotaire of what are ilsaaUjr termed MoodOot|r« 
ledcnous plants^ to which order of plants^ it seema^ 
them are sooie botsnists who belies thai: the Date 
Palm does not at all belong.* If this is the fac^ 
whieh appears to be esrtremely doabtful, then the 
Sate Palm is rather an anlacky example of the 
order of plsnts in questiim. But to whaleMr order 
it may belong in an arrangement fouiided on the 
obarsctar ef the cotjledon, there ean be no donht 
with regard to its order* in an arrangement «ndi 
as the present* 

a. The Puip hang /nteZer^-^Wfaen the p«^ 
is tubular^ the bundles of fetigHudinal fibres are 
ganaraUjr arranged in a circular row eilher stmpin 
or compound, immediately nndar tike bark s aa a% 
in eoiuunction mth the interspersed polp, to 
ibrm externally a fluted oohttna, and internally a 
hollow cylinder^ that is sometimes pardy filled with 
a floocy or pith-like siibsfeanee^ and sometimes ni« 
together empty. 
jtobhcBi* If the stem of the Gard^ ParsiMep or CSomi 

* Sauth'i iaqaity^ Ibc. fin. Trsm, ia. 

5 
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Htmlook {Pi. VIII. J^. 14.), wfaidh cionstitutei 
«teniaUy a fluted eolttnn^ is taken and divided 
by a transvene aection^ it will be feand to consist 
ai an eptdermia contiining a hollow cylinder of 
uited pulp and fibre, lined wkh a soft and spongy 
pith, whidi it itoetf tabular ; and again lined with 
a ioe and transparent membrane, consisting of a 
most intricate plexns of* soft and delicate fibres, 
farming an nltimate cavity, wbich is sometimes 
partly itHed up with a line and cottony down, or 
with fine and transverse diaphragms resembling 
oobwebs. 

Bot die circular row .of bundles observable in 
the above plants, and others of a similar stractare, 
is not the same in all. Sometiines it is simple, as 
in Hemlock ; and sometimes it is compound, as in 
the Pbrsnep* In the former case it consists merely 
of a succession of individual bundles distributed in 
a circular row, so as to complete the cylinder. In 
the latter it consists of a sooocssion of individual 
handles, traversing the pulp in a direction fWmi 
the circiunferenoe to the centre^ as far as the pulp 
extends, and then Mtuming from the centre to 
the circnmferenee, after farming a fold, tad so on 
till the cylinder ia completed by a suooession of 

SDIQS* 

It should be also added that the tubular stem 
does not always farm one continued cylinder, ex» 
cept in soose of the Agarics, but rather a succession 
of indifidttal cyUndem nnited to on^ another bf 

V a 
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joints that forin[ titgisirersie diaphmgms^M]liteiTuptiQg 
the continuity -of the .tube even ithilugh it is fiyir 
pished with no pith/ as. in the Grasses. < 

^., Pl^jts of this class are all furnished w^th adisr 
^inct anfd conspicuoujsroot, the striicture of which 
is often. similar to that of the stem, as! may be seen 
^n the .horizontal section of the Common Brake; 
in which some ' of tl^ bundles are flattened and 
bent so as to form a section of a cirde, the rest 
being placed irregularly around them. But though 
the stem of such plants is often tubular, yet the 
roots are not often tubular (though the root of 
Water Hemlock furnishes an exception), biit wholly 
fiU^ up either with pulp or pith contained within 
the cylinder of fibres^ which the bark or«{»dermis 
externally investis. 
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. The Mass consisting of Barky fVood^ and Pith. 
;*-A second variety of this mode is that in which 
a: strong aiid often thick bark encloses a circular 
layer of longitudinal fibres^ or severarsuch circular 
and concentric layers, interwoven with thin traas*^ 
verse and^ divergent layers of pulp, so as .to form a 
firm and compact cylinder, in the centre of which 
is lodged. a pulp or pith: This mode is bci^t exem- 
plified in trees and shrubs {PL \lll. Fig. 13.), 
though jt is also applicable , to many plants whose 
W^^, h chiefly or aloioiit rwhoUy herbaceous^ 
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forming as it w^re the connecting link between 
such plants as are purely herbaceous on the one 
hand; apd soeh as are purely woody on the other* 
In the latter case the wood is perfect; in the former 
case it is imperfect* 

. 1. The Wood being imperfect. — If ^ the toot of As in the 
the Beet. is. cut open. by a, tr^Bver^se^ section itb^.^i, 
will be foiind to exhibit a: most beautiful exanij^le 
of the union of the concentrip and djj^ergent 
layers, as enclosed within a bark, and enclosing a 
pith; and remaining at the ^ same time wholly .her- 
baceous. But the mature stem of the full grown 
nlant approtehes in part the CQupistencot of . w<^, 
and points out. its affinity, to shrubs and trees* 

If the stem« of the common Cabbage }s cut open^Cabbag^, 
by a trans^irerse section it will fiixhibit first: — a l)firk; 
then an enclosed layer of a firm and opmpact 
teifture approa<ihing that \of wood, and. intersected 
Vrith a multiplicity of divergent rays ; and then a 
large and firm . pulp or pith. ^The same structure 
pervades also the root, which is famished indeed 
vrilh but little pith, bat exhibits the woody part 
in much greater perfection; the divergent rays^ 
which are sections of divergent layers, being much 
larger, and the concentric. layers being more i a 
number. In some stipes of its growth, the section 
exhibits divergent layers, only, intersecting what 
seems, to be a pulp; but in its state of decay the 
woody patt sqparate^ naturally into a number of 
fine a|gdi jodncenti'ic. \^y^x% itssqmbling lape; wjudi 
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BffeKmnee it still mom aptly •xemplifled in tfie 

dootying root of the Artichoke, the laoe4ike tex* 

tore of which is peculiarly beautiful ami cMicata. 

Aadihe If the Stem of the common BramUe or Buiw 

^^^ ^ dock is taken and divided by a transverse sectkm^ 

it will be found to consist of an epidermis or bark, 

^wbidi encloffing a cylindrical layer of pulp and inteiv 

of the spersed^ fibre^ approaching to diis consistence of 



^^wood, and containing within it a firm and copa* 
pact pith that occupies the centre. 

Suph are som^ examples of plants eshibiti^ an 
alllni^ to herbs on the one hi^nd, in their external 
aspect pt habit ; and to trees^ on the otbcfj in their 
internal structure afid contextiire ; forming the opn« 
nectjng link t^t introduces us to the anatomy of 
plants that are purely isoody^ and knf^fra by the 
designation pf shrubs and treesr 
Asinths ^. Tfte Wood Mng Perfect.^lf the ca^deic 
Mtr, cf a tree or shrub, sqeh as the Oak or EMcTj 
Js taken and divided by a transyerse section, it 
will be found to be coiiiposed of throe evidently 
distinct parts-^an puter, an intermediate, aiid a 
central part ; ea<^ exhibiting ai| aspept or structuvo 
peculiar to itself. 

lie outer portion of the caudez is the bark, 
^hich in young siilgects is of a iexible and leathery 
texture, as well as easify detached lirom the interior 
portion, at least in the spring. But in old suliyeeta 
ft is often highly indurated, approaching in its 
Itexture to wood, and ftequendy qiHtting iiato 



ucf.in; 



Tan tAvmoL 



99» 



MxAm woA Ikmfti, at^ may be swn m Am ttg&it 
tnmks of the Elm mmI Fir. In iim loet k m 
said to be geaSmdlf tbieker tk«i m the stem Midi 
bffioehei, end of a duti end eerthgr eolow, thoagli 
eflected a little by the soil in which it gtaws ; but 
in the reel ef the Blm it is feddisb ; in that of 
tile Beiberty it is yellMrisbj and in that of tbi^ 
C^/Mia of the Alps, it is Usck. 

In yenog shoots and branches both §mm tlm 
stem and root, it may be distingaidled ijito the 
three fiMewnig parts: 1st, An Bpidsrmis, or ea« * 
tenud peNMe; Od, A JFmremchymaj or soft anJ 
pnlpy snibstanoe sitnaled immediate^ under the 
epidermis^ and constituting a sort ef secondary 
int^^nnient; and sdty^ a nwaber ef tkin uni ceie- 
€mtitic kfjfer^ fimning^ its interior and prme^pel 
pertion, and generally dssigneted by the naose ef 
Ae cortical taycft ; but known also by the ^pek« 
ktion of Ibe Hher. In th^ root tiie several layevi 
are said by Dn Hanpel to be thicker than in the 
trunk ; but I have not fcund any notohte diflerencn 
be tuwe n Ihem in thia respeet« 

The intermediate p(»rtio» ef the eandes is ttie In irlrfek 
wood, wluch constitutes the greet body ef the|,tfina 
fUl grown phmt. Inmost ptanto it is whitish, as^"^ 
isitho Ash aiud Fir^ but io the stem of Lignum* 
irite and Logwood it is of a deep red ; and in that 
ef the L^umum it is vanegatod^ at least ia aged 
saints* In the full grown tree it is net wholly of 
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the same density, throughout^ being hardest at the 
qentre and softest at the dfCHmferetice;: which dif- 
ferenoe.is so sirirking, that the outer and softest 
portioa has been designated . by . the name of the 
albumam. 

If the, transverse section of the wood is now: 
minutely inspected it will be found to consist of aa 
indefinite number of concentric layers > of. consider- 
aUe^ but not of equal thickness^ intersected by a 
number of transverse layers diverging, from the: 
centre like the rays of ar circle; which are.often^ 
but not with much propriety, denominated meduU 
ktry rays, . upon. the supposition that they originate 
in the pith, a notion that is now exploded. I; shall 
therefore designate them by the more appropriate 
term of the divergent layers, as being descriptive 
U l^ist.of their distribution aiid position*. But the 
layers, whether concentric or divergent^ 'that, com- 
pose, the. intermediate portion of the daudex, are 
eften. designated also' by the appellation of tthe lig-. 
aeouslayerS). as. constituting the mass of the wood, 
and in contra-distinction to. the cortical layers, or 
-* JaycrsT constituting the baric. 

The central portion of the caudex is the pith,. 
- which is a soft and spongy substance o£ a whitish 
colour, surrounded by . the wood as by a tnber.oi' 
rather by a cylindrical row of longitudinal fibres, 
qlosely united togethei: in; the form of a tube^. and. 
investing it like a sheath; on account of wh«(^, 
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resemblance M. Mirbel denominates it the tubular 
sheath.* But as this term indicates no important 
property belonging to the s^ath, and does not even 
aiin at pointing out its use^ it will perhaps be 
bet|;fer to give it the appellation of the ; M.edullaiy, 
sheath, or the sheath investing the Pith. 
.In some plants the diameter of the .pith is large 
in proportion to that of the stem^ as in the Fig, 
Elder^ and Sumach ; while in others it is but very 
small^ as in the Ash ; and in others scarcely per- 
ceptible^ as in the O^k and Elm. It is always, 
most abundant in the young and tender shoot^ of 
which, indeed, it constitutes originally the principal 
mass. But as the wood increases, the pith gra- 
dually diminishes, till in old and full grown trunks 
it tQtally , disappears, and has its place occupied by 
wood. In the^ root it is .always less abundant, and. 
perhaps also more copfipact^ than in the stem and 
branches, being discoverable only in the larger 
divisions, but not in the radicles or fibres ; and dis- 
appearing also in the mature state of the plant. 
But in many roots^ such as those of the Elm and 
Jjaburnum, it is not * distinguishable even in the 
lai^er divisions themselvep. It is distinguishable, 
however^ in the root of herbaceous plants, and in 
the larger divisions of the root of the Arbor-Vita^ 
Elder, and Berberry, in which last it is easily de- 
t^ted as being of a shade of colour considerably 
diflkrent from that of the rest .of the caudex, 

* Phys. Veg, vol. i. p* 186. 
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General lIemirib.-^-Such is the general oudino 
of the structure of the caudex of herbaceous plants 
on the one hand, and of woody plants oh the othet;, 
whether as ascending or descendhig. But the struc* 
ture of the branches or divisions is the same. For 
they are not merely prolongations of a part of the 
caudex diverging from the centre, and extending 
beyond the drcumference ; but they are each a 
caudex in'miniatnre, furnished with a pith, wood, 
or interwoven fibre and pulp, and bark, precisely 
as in the caudex itself. This has been rendered 
evident by Du Hamel in his Physique des Arbres^ 
by the following tlhistration.* 

If you take a horizontal section of a stem with 
two branches a little above the cleft, the appearance 
is that of two stems. If you take the section in 
the fork itself, you will then find in the centre 
two sets of concentric layers, corresponding re- 
spectively to the two branches, but enveloped by* 
another set common to both, that forms the cir- 
cumference of the stem, if you take the section 
still lower you will find the layers that correspond 
to the two blanches diminishing in number, and 
the outer layers increasing, till at last fhe central 
layers disappear altogether. Thus the layers proper 
to each brandi form in the original stem an in- 
verted cone, of which the summit is at the centre^ 

 Liv. i. chjy). t. 



und the baie «t the fork or ctrcmnference. The 
«tibdivisNMit of the branoh are formed in the samie 
■MDMr^ and 90 abo the dimioDs and subdiviaions 
of the root, except in the extreaie fibres, the proi* 
dectioii of the present year ; whieh consist merely* , 

fii a mass of pulp surrounded with a bark, and 
which seen in some degree to resemble the leavea 
of the eaudejr ascendens^ as they are said to be 
ireaewed annually. 



SECTION VII. 
Appendages. 

Trs Appendages of the Plants whether conserve 
atiiw or reprodoctivey exhibit nothing in their struc- 
ture that is at all essentially different from that of 
the organs that have been already described. 

The tendrils, stipulsB, and raaenta^ which are 
proper to the consenrative organs, resemble thelcaf^ 
or ]eaf»stalk. The involucre, spathe^ and bracte, 
which, together with the nectary, are proper to the 
fiower, resemUe the leaf, ca^, or corolla* And 
the appendages of the fruit, which have indeed RedacibU 
been originatty a part or appendage of the flower, mem ° 
together with the appendages of the seed, are all pl^p^^',!^ 
nkimalely resolvable into membrane, pulp^ or fibre. "^>^ 

But the organs denominated glands, or included Glands. 
nnder die designatioa of pubescence, deserve to be 
•onewhat mora particularly noticed; not on acw 
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count jof any thing peculiar in their, structure, 
which is reducible to one or other of the substances^ 
already named, and seems to be merely a partial 
prolongation of inflated pulp or epidermis; but 
because it has been doubted whether there are in*, 
deed any organs in vegetables analogous to the 
glands of the animal system, and coosequently 
whether the term gland ought to be at all retained^ 
But if the fluids absorbed by the. root aremodifieciL 
and elaborated in the course of their progress 
through the plant, as there is every reason to 
believe they are, it is likely that this elaboration 
IS partly efiected by the instrumentality of glands. 
Whether And as some of the substances so designated have 
M^^oD. I^n found to secrete a peculiar fluid, as in the. case 
of Cruciform flowers, the name ought by all means 
to be retained. 

But the hairs constituting the external pubesU 
cence have been regarded by some phytologists! as 
being also glands, though they have been regarded 
by others as being merely oi^ns of excretion. It 
is at least certain that they contain in many cases^ 
a peculiar juice, which they have probably secreted. 
For they are often covered with a clammy or viscid 
substance, or terminated by a drop of transparent 
and odorous fluid, ivhich exudes from them. In 
the Nettle they contain a pungent and corrosive 
fluid, which is lodged and discharged by pressure. 
But the most decisive obseTvatiws or exp^menta 
on this subject are thpse of Dpyeux«, rQn the.steiQ^ 
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leaves, and calyx of the Cicer arietinum he ob« 
served a number of small globules of water, which 
were most conspicudus about mid«day, and which 
when wiped off appeared again in the course of 
some hours. They were formed at the extremity 
of the hairs/ and '^ereagSiin reproduced even when 
the ^summit was , cut off, though somewhat more 
slowly than in those that were entire. They were 
also again rciproduced even when the one half of 
the hair was cut off, though still more slowly than 
before* 's But when the hair was cut off at the base 
they were no longer reproduced at all. Whence 
De3^ettx ' concluded tbat they are also oi^ns of 
sdcretioD.* 



CHAPTER II. 



COMPOSITE ORGANS. 



uon. 



From the previous analysis of the plants theEnumcm- 
decomposite organs have been found to be reducible, 
in the first place, to one or other of the several fol- 
lowing substances : namely, epidermis, pulp^ pith, 
cortical layers, ligneous layers^ vegetable fibre ; 
which now remain to be farther analyzed, under 
the title of Composite Organs, as being still com- 
pound, with a view to reach the ultimate and 
elementary organs of the vegetable subject. 

* Jour, de Pliys..No. xlvi. p. ^65% ^ 
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SECTION L 

Of the Structure of the Fegetabk EpidermU. 

Trb Epidermis of the Vegetable^ whidi^ from itt 
rewitiblance to that of the animal, baa bean de« 
aignated by the same name, ia the external enve* 
lope or integament of the plant, extending o^rer 
the whole surface, and eovering the root, ateoa^ 
branches, Iea?es, fknver^ and fruit, with their ap- 
pendages ; the summit of the pistil only excepted. 
But although it is extended of er the whole anrfiice 
of the plant, it is not of equal consistence through- 
out. In the root and trunk it is a tough and 
leathery membrane, or it is a crust oif considerable 
thickness, forming a notable portion of the bark, 
and assuming some peculiar shade of colour which 
it seems to acquire from age ; while in the leaves, 
flowers, and tender shoots it is a iine, colourless, 
and transparent film, not thicker than a cobweb. 
But its want of colour is discoverable only when 
detached ; for, when adherent, it is always tinged 
with some peculiar shade, which it borrows firom 
the parts immediately beneath it. Hence the green 
colour so prevalent in the leaf and tender shoot, 
which the epidermis merely transmits, and the 
beautiful variety of lines displayed in flowers and 
fruits. And yet the colour is sometimes inherent 
even in the epidermis itself as nay be seen by 
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uiipeetbg iStmt of the lower pftrt of the petals of 

Crecus vermu. 

In the permanent parts of woody and perennial 
plants the old epidermis often disengages itself spon- 
taneously, as in the Currant, Birch, and Plane-tree^ 
in which it seems to be undergoing a continual 
waste and repair ; and in such parts it is again re« 
generated^ even though destroyed by accident* 
But in faerbaoeotts plants, and in the leai; flower, 
aad fruit of other plants, it never disengages itself 
spontaneously, ^ and is never again regenerated if 
onoe destroyed* 

Du Hamei> who seems to have been ^ first to 
institute any very minute inquiry into the structure 
of the vegetable epidermis, describes it as being 
formed of a multiplicity of fine and delicate fibres 
placed in a parallel direction, and inosculating at 
r^ular intervals, or united by means of small and 
lateral fibres, so as to constitute a net-work, the 
mesbes of whidi are filled up with a thin and trans* 
parent pellide ; thus fonning a membrane that cott« 
sifts eidier of a simple and individual layer, as in 
the ^dermis of most plants, or of several distinct 
and separate or separable layers, as in that of the 
Piiper Birch; in whidi he counted six or more* 
He studied it chiefly as it occurs in the inxk of 
trees, and adds that it was sometimes to be met 
with so very compact, as to exhibit no traces of net- 
work, «v0n under the microscope, but merely a 
smooth and unifi>rra surface.* 

* nbjn* in Aibres, fiv. i. chap. ii. 
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'; Saussure the elder/; whdse. observations on ^e 
epidermis are the next in order of time/ and wh6 
studied it chiefly in the leaves and petals of Jes- 
samine and Fox-glove^ describes it as constituting 
a bark composed of two layers ; the interior layer 
consisting of a net-work, which he calls the cortical 
net-work, interspersed with a multiplicity c^ what 
he calls cortical glands ; and the exterior layer con* 
aisting of a fine and transparent membrane which 
be regards as the true epidermis, capable of being 
partly detached, but totally destitute of organiza* 
tion. The glands he describes as being small and 
oblong or circular bodies, encompassed by. a «ine 
thread or fibre, not immediately attached to them, 
but separated by a narrow interval, and commuhi- 
eating with the cortical net-work, as well: as being 
in some plants discoverable with the assistance of 
a good glass, even through the exterior layer of 
the epidermis, under the appearance of white and 
transparent spots. Their mean diameter was about 
the eightieth part of a line. They were more nu- 
merous on the upper surface than on the under 
surface of the leaf; but were not to be met with ia 
the epidermis of the petals, which seemed however 
to be furnished with organs somewhat analogous ; 
namely, small vesicles of a conical form, emerging 
firom the surface, ^nd perhaps giving colour to the 
corolla.* 

Hedwig, who was led to the investigation of the 
subject^ from a wish to repeat some experiments 

* Observ. sur i'Ecorce de FeuiUes, &c. 
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of M . Von Gleicfaen apoa the epidermis of Com- 
mon Polypody and Wall-Rue, in which he thought 
be had detected the stamens or anthers of Ferns, 
instituted his observations upon the ej^dermis of 
the same plant, and met with the same appear- 
ances. But as he met with them in all parts of 
^e plant indiscriminately, as well as in a variety 
of plants with conspicuous flowers, he began to 
suspect that M. Gleichen*s opinion concerning 
tfaem could not be correct; though he admittea 
them to be a set of peculiar organs, of which M. 
Oleiohen was to be regarded as the original dis- 
coverer. It 18 plain^ however, that the organs here 
alluded to are nothing more than the cortical glands 
of SauBsnre; with whose discoveries Hedwig does 
not appear to have been yet acquainted. 

But the organs in question which Saussure re- 
gardflL as glands, and M. Von Gleichen as the an* 
thers of Ferns, Hedwig regards as being merely 
porea^ or apertures, perforating the pellicle that 
ibrttts the epidermis. They are contained within 
a peculiar area, which is sometimes round, some- 
times oval, and sometimes rhomboidal. They are 
themselves generally oblong, though they are often 
so much shrunk or contracted as to change their 
fordo. They do not extend so far as to touch the 
margin of the area; but in the Grasses they are 
longer than in other plants. In their longitudinal 
directidn they f<dlow for the mdst part the longi- 
tudinal direction of the leaf, together with the 

VOL. I. X 
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areas they occupy^ which communicate with one 
another by means of certain ducts or vessels ori- 
ginating in their circumference, and forming part 
of the general net-work, whidi is composed of two 
distinct but adherent laminae. Finally, they are re- 
garded as being organs of perspiration ; and their 
peculiar areas, which consist also of two distinct 
but not adherent laminae, are regarded as forming 
receptacles for perspirable matter. The number of 
them discoverable in the extent of a square line 
amounts to about 677 •* 

Comparetti, Professor of Botany at Padua, de- 
scribes the epidermis as consisting of a net^work 
of fibres ascending in an oblique direction, and 
forming hexagonal meshes of various sizes and po- 
sitions, but of which the vertical sides are the 
longest ; the area of the meshes being occupied by 
opaque or transparent points, of an oval or rnpidish 
figure, that seem to be somewhat inflateo^as if 
filled up with air or water. Upon a more minute 
inspection tl^s points seemed to be composed of 
three small fibres, two of which were lateral, and 
one centraL If the bubble contained within them 
escaped or was dispersed, the area became depressed 
at the circumference, but transparent at the centre, 
which was still however occupied by a small black 
point. His observations were made chiefly on the 
epidermis of succulent plants, such as the Lily, 
^^PPy? •Spu^'gc^ 8ind plants with compound flowers, 

* Tracts relative to Botany, London, 1805. 
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in which the same oi^anization was percqitible, 
except that in the calyx, corolla, stamens, and 
pistils, the points of the areas were fewer ; and the 
net-work was composed of layers that might be 
separated, the interior layer being thick, opaqyn^ 
and succulent, and often coloured, as in Endive, 
Celandine, and Phytolacca ; in which it was re- 
spectively white, yellow, and red.* 

Mr. Francis Bauer, of Kew, who has studied Bauer, 
the structure of the epidermis with much attention^ 
and illustrated his observations with el^nt draw- 
ings of the portions inspected, seems to be some- 
what sceptical with regard to the existence of the 
ducts or vessels of Hedwig^ by which the peculiar 
areas of the net-work have been thought to com- 
municate with one another. His observations were 
made chiefly upon the epidermis of Begonia nitida, 
CrasnUa umbellata^ Orchis mascula, and several 
species of Dianthus. But the most singular struc- 
ture he specifies is that which occurs in the cuticle 
of Doryanthcs hastata Corria, a new liliaceous 
plant from New Holland, and of a species of 
Hamanthus, the epidermis of which, being of a 
thicker texture than ordinary, seems to be com- 
posed of two or three stories of cells laid one above 
another, and exhibiting in their aggregate aspect a 
resemblance to that of an honey-comb. Each 
of the orbicular receptacles communicates with th'at 
immediately beneath it, but no farther communi- 

* Scnebier, Phys. Vtg. 
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cation k to be seen. Wh«t appear to "be ducts or 
^ressels as described by JSoiMsure and Hedwig are. 
In &e opinion of Mr. Bauer, nothing more than 
the edges of ^tbe tUssepiments cf the celk of the 
etldele.* 

Sudi then is the result of the observations of 
Ibe most distinguished botanical anatomists, who 
have directed their attention to the general strac* 
ture of the epidennis. Their descriptions do not 
indeed tallj quite so completely as could be 
wished: but an exact coincidence vna not to be 
mipeeted in the description of an organ that AiSkts 
flo much in different species of plants, and even in 
diflferenlt parts of the same plant ; unless the ob^ 
aenratiens of each investigator had been confined to 
the aame species, and to ^e same part. And even 
then the coincidence would have been but partial, 
as bdng flieoted by the i^e of tiie phmt^ or aeason 
of obsiBrvation. 

But it is to be remarked that the first four of the 
preeedii^ accounts i^ree in all the leading points 
of description as Jar as they go; namely, in re* 
presenting ^ke epidermis as composed of a net- 
work of fibres consisting of two or more layers, 
and the meshes in being filled up with a fine pel- 
licle, in which there is often discoverable a peculiar 
area connected with the general net-work, by 
means of lateral ducts or fibres; and exhibiting 
in the centre the appearance of minute glands> or 

• Tracts relative to Botany, London, 1 805. 
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pores^, or inflated points; with whicb acCGUnt, if 
Mr. Bauer's deseription does not agree, it can intikf 
be because the specimens he examined' were aetitally 
diferent in dieir stractuve;. as his aceuracy of ob«^ 
servation^ and skill in botanical dfcawing^ am too» 
wett known to stand m need of any* eooHneht^ Ifi 
must be admitted, boweter, that thd epideiteis of 
the majority of plants is much' brtter desciribed by 
the ilet*work of Saussure and Hediirigy thaik by the 
cells of Mr. Bauer ; and that fhe fibres ferBftkif^ 
the meshes seem to be something more^ than mere 
dissepiments^ 

The above -remark dtoes not howevlST lessen! the . 
value of the observations of Mr. Bauer ; as it ia 
ofien as important to know the e^eption as the 
rufe it8el£ And it is likely:' that fautber inqinrieiGi 
will produce fkrther exceptions. The epidevmia of 
the petals of the Show-drop^ Goianihur tmalU^ 
coincides pretty nearly in appesirance with; that of 
D^anthes and HMnanibjuSy exhibitiikg what mwyr 
be i^ptly enough compared'* to an assemblagn? of 
hexagonal cells; if not rather to the clusters of 
bubbles genenaied upon> the suifiace of liqnorsr m a 
static oi fermentation^ according to a similitude of 
Grew's upon a different subject. 

But the ^idermis seems to me tor pHesent^ in Its aspect 
some easeS), an appearaace to which* nd' one of tfaevmas." 
foregoing detoriptions or similitudes^ will borreody^ 
apply; and to ethibit a peculiariiby of atructum 
that does' not appear to have been hHherta taken 
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notice of. The epidermis of the inside of the 
petals of Crocus vemtcsy when placed under the 
microscope^ does not present the appearance of a 
net-work^ nor of an assemblage of cells, nor of the 
clusters of bubbles that form on the surface of 
liquor in a state of fermentation ; but rather that 
of a thin and individual layer of parallel and tan- 
gent reeds of unequal lengths^ interspersed with 
multitudes of minute and shining points, and re- 
sembling a front view of the false pipes of an organ. 
Hence the structure of the epidermis is found to be 
characterized by the same sort of variety of modi- 
fication, as the structure of the other parts of the 
' plant. 

With regard to the peculiar areas interspersed 
throughout the network of the leaves, together with 
their central appearances, and ducts of communica* 
tion with the fibres constituting the meshes, the 
description of Hedwig is undoubtedly the most cor- 
rect, as may be seen by inspecting with a good micro- 
scope the epidermis of the leaf of the Tulip or Hya- 
cinth^ or even of the common Lettuce or Cabbage 
of the garden ; which I specify merely as being 
easily procured, and exhibiting, at the same time, 
the appearances distinctly. 

The observations of Hedwig were made chiefly 
on the cuticle of the seed lobes of Perilla ocynuh 
ides, and Chdranthw incanus ; on the leaf and 
calyx, or corolla, of Lilium hulbiferum; and on 
the leaf of Zca Mays or Indian Com. But one of 
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the best of all leaves for a beginner to commence 
his observations upon is^ perhaps, that of common 
Sorrel^ Rumex Acetosa^ of which the cuticle is so 
easily detached from the pulp that it may be 
obtained in large portions, merely by tearing the 
leaf in two, either in a transverse or longitudinal di» 
rectioD. 

The longitudinal direction of the fibres and 
meshes of the net-work forming the basis of the 
epidermis is^ as represented by Hedwig and Com- 
paretti, generally verticle, or at least it follows the 
longitudinal direction of the plant. But although 
this is the rule, it has, like most other rules, its ex- 
ceptions ; as may be exemplified in the epidermis of 
the stem of the Currant and Cherry-tree, in which 
the longitudinal direction of the' fibres and meshes 
is not vertical but horizontal, extending in a line 
Uiat encircles the body of the plant, and gives to 
the epidermis a tenacity that is greatest in the ver* 
tical direction of the stem. 

According to all of the foregoing descriptions the 
epidermis is represented as consisting of at least 
two if not more layers, which, in the stem of many 
plants, are very easily distinguished, particularly in 
that of the Paper Birch as exemplified by Du 
Hamel. The same thing may be also exemplified 
in the stem or branches of the Currant, Ribes rti^ ' 
brum ; the outer layer of the epidermis of which, 
after acquiring from age a tinge of brown, splits 
into a number of fragments that spontaneously de. 
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tech themselves to make way for a new layer, which 
on its first exposure to the air is of a fine and deli- 
cate green. If this layer is now stripped oflf, itwill 
be found to invest one or two wore which are yet^ 
indeed, colourless and imbedded in pulp, being only 
in a state of preparation for future exposure^ when 
the layer that is now exterior shall have detadied 
itself in its turn. 

The above should, perhaps, be regarded as a sue* 
cession of individual cuticks, consisting each of a 
single layer, which their regular and oonsecuUve 
detachment seems to indicate, rather tlwk as an- 
individual cuticle consisting of s^eral layers ; 
though there are cases in which several layers are 
obviously incorpon^ed so as to forin in the aggre- 
gate only an individual epidermis- Perhaps om of 
the best examples of an q>iderniis consisting of 
seyeral layers, is that of the epidermis of the in- 
terior and sheathing part of the leaf of Irie Pswda- 
cams or Yellow Iris, of which if you« detach several 
portions, some will be found to consist of more and 
some of fewer levers ; and some appareajtly of only 
one layer of net-work, either because the epidermis 
is so constituted in Afferent parts of the leaf accord- 
ing to their distance from the base, oc because 
the layers have been forcibly separated in the act 
of stripping them off. In the portion apfNiren|tIy 
consisting of only one layer, the degree of tnsns- 
parency is greater, and the hexagonal meshes of the 
npt^workare distinctly marked ; but in the portion 
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caMi^king of more than one layer^ tbe d«grae of 
tranapar^ncy is kaaj and the nel^work confuaed and 
indktiiict; hecauae tbe epidermis ia now thickfir,. 
aod hecwte the nieahm ef the several layeni da noib 
exactly eoincide. Tbe same thing viay he exenipH-i 
fied in the epidermic of the AppLe^ of which the 
layers are two in number ; the exterioir hyer being 
thin ami transparent, and the interior layer being 
more succulent and tender, and tinged with a pecu«. 
Uar shade giying colour to the fruit. 

But still the ultimaAe and unorganized pellicle ^ 
of Sausaure re^aaips undetected, of the exiatence of 
which I h^ve ii,ever yet been abfe to satisfy myself 
thoroughly. I have observed, indeed, though very- 
Tax^]y, in tbe epidermis of the leaf of the Hobsj^ 
suckle Lomcera Periclymmumj a small pcMrtion o£ 
external pellicle of gi^ater extent than the ai^a of 
tbe meshes, in which no vestige of meshes was to 
be found, and which seamed, like Saussuce's outer 
' pellicle or true epidermis, to be totally destitute of 
organization. But whether this is to be regarded aa 
a sufl^cient proof of an exterior pelHcle distinct 
from the meshes, or whether the meshes whose area 
it had originally filled up might not have been ob- 
literated merely from accident, seems to be some- 
what doubtful. Tbe appearance would have been 
the same in either case ; so that unless the pellicle 
and network could be deteched to some considerable 
extent, and exhibited separately, tbe proof must 
still be regarded a3 incomplete, dedwig, whose 
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dexterity in experiments of this kind was certainly 
not inferior to Saussure's, admits, as has been 
already seen^ the existence of two distinct lamina 
in the net-work of the epidermis^ which, however, 
he lacknowledges he was never able to separate ; but 
does not represent the exterior pellide as being des- 
titute of oi^nization. 

But whether the exterior and unorganized pellicle 
of Saussure exists or not, the accuracy of his ob- 
servations upotk the whole will still entitle them to 
the regard of the botanical anatomist, who will be 
able to judge of the fidelity of his representations by 
comparing a few of them with the original. Par- 
ticularly, let him consult the case in which he dis* 
tinguishes the structure of the epidermis of the 
petals from that of the leaf, as exemplified in the 
epidermis of the Pink and Pansy, to which there 
may be added, as affording also a good example, the 
epidermis of the inner surface of the petals of 
Cocus vernus, whose multitudes of minute and shin- 
ing points, certainly resemble more the emerging 
vesicles of Saussure than the pores of Hedwig. 



SECTION n. 



The Pulp. 

The Pulp is a soft and juicy substance, constitut- 
ing the principal . mass of succulent plants, and a 
notable proportion, of many parts even of woody 
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plants. It constitutes the principal mass of many 
of the Fungi and Fuci, and of herbaceous plants in 
general^ as may be seen by dividing the frond or 
stem^ either in a longitudinal or transverse direc- 
tion ; as well as of the seed-lobes and of succulent 
fruits^ of which any one may easily satisfy himself 
by cutting up a Bean or Apple from the stalk or 
tree. It is also particularly conspicuous in the leaf 
and flower^ with their foot-stalks when stripped off 
the epidermis. And even in the stem of woody 
plants it is not altogether wanting, although it is 
cognizable only in the bark of the young and ten- 
der parts, at least as a separate organ, where it con- 
stitutes a thin layer immediately under the epider- 
mis, and forms a sort of secondary integument to 
the plant, known among botanists by the name of 
the cellular integument. But this integument 
seems to me to be, like the secondary integument of 
the Apple, merely an internal layer of the epidermis^ 
or a distinct and separate epidermis in an incipient 
state rather than a true and proper pulp. In herbs 
and succulent plants, and in leaves and fruits in 
general, if it happens to be destroyed or devoured 
by insects, it is, like the epidermis in the same 
circumstances, not again regenerated. But in the 
bark of trees and shrubs it is again regenerated after 
some exfoliation even when destroyed by accident, 
without leaving any scar or trace of a solution of 
fx>ntinuity.* In the leaves its colour is generally 

* Seneb. Phys. Veget. vol, i. p. 177. 
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. green^ and in the seed-lobes white ; while in flowers 
and fruit it assumes almost all varieties of shade 
whatever^ according to the species of plants or cir- 
cumstances in which it is placed. When viewed 
Its appear- without tjic microscope its appearance is that of an 
the mi- assemblage of small and minute granules imbedded 
erosGope. j^ ^ ^f^ ^^^ glutinous substance, as in the greater 

part of leaves and succulent fruits, in which last the 
fracture often presents an appearance resembling 
that of a piece of loaf sugar, as in the case of the 
Apple and Pear. But when inspected minutely 
with a good glass its structure is found to be very 
difierent. 
Aide- The first vegetable anatomists who investigated 

scribed by, ^ m»i«i.i^ 

Maipighi the Structure of the pulp were Malpighi and Grew. 
and Grew. ^^ ^^^^^^ describes it minutely, and compares it 

to an assemblage of inflated threads or bladders ; 
the latter describes it under the appellation of the 
Parenchyma, and compares it to the bubbles formed 
upon the surface of liquor in a state of fermenta- 
tion. Having examined it chiefly as it exists in the 
seed and infant plant, he made a calculation, by 
which it appeared to him to form at an average 
three fiftieths of the plumelet, five seventieths of 
the radicle, and three fourths of the cotyledons, 
Aough it is in some species more, and in some less. 
By Du Du Hamel describes it under the ^appellation of 

the cellular tissue, I believe, and represents it as 
consisting of a number of longitudinal fibres di- 
verging and uniting again continually, and crossing 
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one another in all directions^ sometimes interspersed 
with small and granular, or bladder-like substances 
occupying the interstices, and sometimes not ; but 
of whose existence he began at last to be altogether 
in doolbt. His observations were chiefly made on 
branches of the Lime-tree macerated in water. But 
as the long continued maceration to which the 
branches were exposed, must have less or more dis- 
organized the structure of the pulp contained in 
them, he could not have inspected it in a perfect 
state. 

Saussure investigated its structure in the leaves of Saussure, 
the Bean and Periwinkle, in which he describes it 
as composed of large and transparent fibres suc- 
cessively inflated and contracted, and repeatedly 
inosculating, so as to resemble strings of contiguous 
vesicles forming a net-work. The contraction was 
observed in the middle of the sides of the meshes, 
and the inflation at the point of union .*= 

One of the most distinct descriptions of this organ Compo* 
that has yet been given is that of Comparetti, who ^*"** 
investigated its structure in the leaves of the Aloe, 
Houseleek, and several other succulent plants, in 
which it appeared to him to consist of an extremely 
fine net-work interspersed with small and glandular 
grains, enveloped in a green and glutinous sub- 
stance and exhibiting an apparatus of vesicles. In 
the leaf of Purslain the granules seemed to be ac- 
companied with small and transparent hairs, and 

* Gbscrv. sur I'Ecorce, p. 43. 
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the area of the meshes to be again traversed by fine 
threads forming a secondary net-work. On a trans> 
verse section of the leaf of the Aloe it seemed as if 
composed of a number of layers of little bladders^ 
and on a longitudinal section the appearance was 
nearly the same. The figure of the cells was hex- 
agonal with unequal sides^ and their colour green^ 
' but of a deeper shade towards the sur&ce of the 
leaf. In the calyx of the i^unflower a number of 
small fibres were found traversing the cellular sub- 
stance which seemed to be intersected and bound 
together by others crossing them in a horizontal 
direction. The petals, stamens, and pistil, of the 
Lily exhibited a similar appearance, which was not, 
however, upon the whole very common.* 
And Mir« But M. MirbeLthe latest author, as I believe, who 
' has published any thing important on the subject^ 
and who treats of it under the appellation of the 
Cellular tissue, presents us with a description of it 
considerably different from the foregoing. His ob- 
servations were chiefly made upon it as it occurs in 
the Elder, as exhibiting the parts on a larger scale 
than most others plants. A section of the Cellular 
tissue or integument, whether vertical or transverse, 
presented the appearance of an assemblage of hexa- 
gonal cells resembling the cells of the Bee, each 
side being common to two cells, and the whole ar- 
ranged with the most perfect symmetry. But if 
the cells happened to be compressed by any foreign 

* Seneb. Phys. Vegct. 
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force, the hexagon then assumed an elongated ap- 
pearance. The partitions of the cells were found to 
be extre.mely thin and transpikrent, and their organi- 
zation too fine to be distinguished even by the 
highest magnifiers. But they were generally per- 
forated with holes or pores, whose diameters seemed 
to be less than the three hundredth part of a line^ 
forming the medium of communication between 
the different cells, and bordered with a sort of small 
and glandular ring. The whole of the tissue wtt 
extremely delicate, but particularly in the several 
parts of the flower — ^the petals, stamens, and pistils, 
where the slightest touch stained it, and the 
slightest pressure destroyed it. It was also speedily 
destroyed by maceration in water. If the cells 
happened to be empty it was transparent and colour*- 
less, but if filled with juice it was generally green, 
though sometimes brown, yellow, or red, commu^ 
nicating its acquired colour to the epidermis, 
whether in the leaves, petals, or other parts of the 
plant.* 

Such are the accounts of the most distinguished 
vegetable anatomists upon the subject of the struc- 
ture of the pulp. Their descriptions, as in the case 
of the epidermis, do not indeed exactly correspond. 
But* the reason is sufiiciently obvious. They did 
not all study it in the same state, nor even in its 
most perfect state — namely, that of complete insula- 
tion^ as in the pulp of fruits ; but rather in a state 

* Traite d'Anat. et de Phys. Veget. vol. i. p. 36. 
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of intermiicture with other paits^ by which its 
nsrtural structure is alwvtys somewiiat affected. Its 
Btmcture n, however, prettj fitirly represented in 
Ode or other of the above desCrijAions in almost all 
Its diflerent aspects^ bat the descriptioa which I 
have focind to be the most accanite and the most 
generally applicable, is that of M. Mirbel/in wfaieii 
be codipares it to clusters of small and hexagonal 
cells or bladders containing for the fnost part a 
«od[oiired juioe, and formed apparently of the fold- 
ings and doublings of a fine and delicate metnbt^ne, 
in which no trscesof organization are to be di4- 
« tfBguifl^d^ 
Whodi- But M. Mirbel, in the detail of his investtga- 
iDtd*her- *>ons, institutes also the followmg distinctions : In 
SSI. 4. .™,* rf wh.. .« died dica.yWo.ou. pl.„«. 
parcnchy- Jie regard« the pnlp^ or to use his own appellation 
the Cellnlar tissue, as consisting of two distinct 
portidM, which he designates by tiie respective ap- 
pellations, of the Herbaceous tissue, and the Paren- 
chyma. The former is the exterior portion of the 
cellular tissue, of which the cells always contain a 
ruinous and coloured juice, that communicates its 
peculiar tinge to the epidermis. The latter is the 
interior portion of the tissue, composed also of cells, 
but differing: from those of the herbaceous tisstie in 
containing only a watery juice without colour, 
because it has not been exposed to the action of the 
light, though in the calyx and fruit this watery 
juice is said to be also often coloured. But this is 
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Mwsly ^e setting up of 9 ^is^tinciliQn witliiaut ^y 
very essential .difference ; for the structure is the 
same in both. And if 4^he juice is in the one case • 
r^^nous find i^ the other watery, may it not be ^Cr 
counted ifor UJce the colour, fr^oi the circuni:3^tance of 
ficcideatal situs^tion ? JQut the character of the wi^nt 
of colour, on which gr^t stress appears to have 
been laid, is in effect entirely done away as a ground 
of distinction ; because the juice of the paren- 
chyma is, as it seems, often coloured also like that 
of the herbaceous tissue itself, at least in the more 
tender parts of the plant. The distinction is there- 
fore altogether destitute of utility. And if it is 
recollected that M. Mirbel employs the term paren- 
cbymit ;to denote also the pulp, or according to his 
Oivn appellation the cellular tissue of the leaf, which 
10 both colourless and resinous, it will appear to be 
beaid^4estitute of propriety. 

But in the description of the vegetable pulp, the Thooeh 
only distinction necessary to be made is that by pam^ 
which it is divided into two parts — ^namely an ap- ™««Jy ««» 

'^ ^ ^ r appiiratas 

paratu3 of hexagonal cells or vesicles, and a con- ^^ vesicles 
tained juice whether colourless or coloured — theuined '" 
union of which substances forms a true pulp. But^"'^' 
as the cells may still remain, though emptied of 
their original juice, and coQj»tituting no longer a 
pulp, it seems necessary to precision both of idea 
and language, to designate each of the component 
parts of the pulp by an appropriate term, as we 
vhall thus avoid the inconsistency by which the 
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same term is made to signify at one time the empty 
cells only^ and at another^ both the cells and juice. 
To the former I shall therefore confine the appella* 
tion of Cellular Membrane or Tissue ; and to the 
latter that oi Parenchyma f in which respective ac- 
ceptations these terms shall be employed throughout 
the following part of the work. 



SECTION III. 



The Pith. 



Alwayt Xhe pith, as has been already shown^ is a soft and 

ccntnu* 

spongy^ but often succulent substance^ occupying 
the centre of the root^ stem, and branches, and ex- 
tending in the direction of their longitudinal axis, 
in which it is enclosed as in a tube. In most plants it 
is close and compact without any apparent scdution 
of continuity, as in the Willow and Poplar ; but in 
others it is loose and interrupted, as in the Walnut 
and Thistle; in the former of which it may be 
compared to a close and continued succession of 
transverse plates intersecting the central tube of 
wood ; and in the latter, to a number of fine and 
membranaceous diaphragms placed at irregular in- 
tervals throughout the hollow cylinder of the stem, 
which occasionally burst open in the middle, and 
form a succession of rings. Sometimes it forms 
merely a fine and delicate film, of a smooth and 
brilliant appearance, lining the interior of the 
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tube, as in the stem of common Hemlock. In the 
young shoot or'plant it is green^ changing to a bright 
white with age; but in the mature parts of the 
Walnut-tree it is brown, in the Berberry it is 
yellow, and in the root of Calamus aromaticus it is 
red. 

The structure of the pith is precisely similar to Similar in 
that of the pulp, being composed of an assemblage to the 
of hexagonal cells containing a watery and colour- ^^^^' 
less juice, or of cellular tissue and a parenchyma. 
The pith of the Elder is well calculated for the pur- 
pose of microscopic inspection, as existing in great 
abundance, and exhibiting the jfigure of the cells on 
a large scale ; though it does not always follow that 
plants which have the most pith have the largest 
cells. But the cells of the centre are larger than 
those of the circumference, where they are generally 
somewhat compressed, as may be seen by placing 
under the microscope a thin slice taken from the 
horizontal section of the pith of a]m6st any plant. 
But it is only in the young and tender shoots or 
plants that the cells are filled with a fluid ; for in 
the aged trunks and branches the parenchyma has 
escaped, and the cells are left empty. 

But if the structure of the pith is so precisely Why de- 
similar to that of the pulp, why, it may be asked, is J,y "'Lro- 
it to be designated by a different name ? Perhaps ^ 
the central and insular situation which the pith 
always occupies is a sufficient reason. But the 
texture of the membrane composing the cells of the 

Y 2 
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pith seems to lie besides essentially difierent firom 
that of the membrane composing the cells of the 
pulp ; the former being evidently 6f a much 
more elastic nature than the latter, as well 'da 
much more capable of resisting the ai^on' Qf wat^r, 
when emptied of the parenchyma^ as may be Be£n 
by comparing them in their empty state. Tlie 
juiceless pith of the Elder or Bulrush is a good ex- 
ample of the one ; and the withered pulp, or cellular 
int^ument of the Lime-tree,' is a good example if 
the other. 

But although the pith has been described as in- 
sulated and unmixed with any other organ, it is not 
alWays entirely so. For it is occasionally to be 
found interspersed with longitudinal fibres passing 
. throughout its whole extent, as may be seen in the 
older branches of the Elder, or even in the annual 
shoot in the course of the winter. In this case 
they are easily distinguished by their colour, which 
is a sort of rusty brown, while that of the pith is 
white, in the surface of which they lay imbedded. 
Perhaps this is the commencement of the process 
by which the pith is finally obliterated or con- 
verted into wood ; and the origin of the circular 
row of longitudinal fibres, known by the appellation 
of the Medullary Sheath. 
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SECnON IV. 

TAc Cortical Layers. 

Thb coi;tica1 layers^ or interior and concentric Their si- 
layers cpiii^titu^ing the inas9 of the bark, are Ih^^'^aod 
situated iai,naedi^tely upder the cellular integument **""^*^^- 
wljiere suqh integument exists, and where not, im- 
mediately Mnder th^ epidermis ; or they are them- 
selves external. They are distinguishable chiefly 
in the bark of woody pUnts, but particularly in 
that of the Lime-tree, ii;i which they are easily 
separated by maceration or exposure to the weather, 
and in which you may readily count a dozen or 
more in a branch or trunk of any considerable size. 
They have been thought to correspond in number 
to the years of the plant's growth : but this opinion 
is not confirmed by accurate observation. They are 
more numerous, however, in the trunk than in the 
branches, which shows that their number is at 
least in proportion to the agp of the plant, if not 
exactly corresponding to the number of years. 
They are also thicker in feeble plants than in 
vigorous and luxuriant plants of the same 9pecies, 
and in the individual plant they are thicker in the 
root than in the trunk.* 

The outer layers are coarse and loose in their Texture, 
texture, exhibiting individually a conspicuous and 
considerably indurated but very irregular net-work, 
composed of bundles of longitudinal fibres not as- 

• Physique dc» Arbre*, h'v. iv. chap. iii. 
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cending the stem directly, but winding more or less 
around the axis of the plant. Du Hamel describes 
it by saying that one or more of the fibres^ originally 
composing a bundle, quits it^ and diverges towards 
another bundle which it joins^ but from wliich it 
again separates to join the bundles it had originally 
quitted ; or it unites itself to other diverging fibres 
which it meets on the way, and so forms a new 
bundle. But the intersections of the fibres do not 
always take place in the same way in all plants^ so 
that the net- work peculiar to one species is often very 
different from that of another. This may be seen by 
comparing together the net-work of the barks of the 
Oak and Elm, or of almost any other plants of dif- 
ferent genera. 
Aggregate As the layers recede from the circumference^ the 
"*'**^* net-work which they form is finer, though still very 
irregular, and tlieir texture more compact. But 
although the net-work is still irregular, yet the 
meshes of the different layers often correspond, 
forming an aperture that extends as far as the meshes 
coincide, but diminishing in size as it penetrates 
towards the centre, owing to the decreasing size of 
the meshes, and forming, according to the illustra- 
tion of Du Hamcl, a pyramid, of which the exterior 
mesh is the base. In the trunk of aged trees, such 
as the Oak and Elm, the apertures thus formed 
widen into large gaps and chinks, exhibiting still in 
' their distribution the rough traces of the net-work 

of the original layer, now laid bare by the decay of 
the epidermis and cellular integument. But in the 
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bark of young trees, or of the young parts of 
aged trees^ the apertures formed by the coincidence 
of the meshes are not left empty but are occupied 
by a pulp somewhat compressed, which traverses 
the longitudinal fibres^ and binds and cements them 
together. The cortical layers therefore are com- Coojtitu- 
posed of two elementary parts — bundles of Ion- ^"'P*'^" 
gitudinal fibres constituting a net*work — and a mass 
of pulp, more or less indurated, filling up the meshes. 

The inner layers are soft, smooth, and flexible, 
and capable of subdivision till reduced to an abso- 
lute film^ but not always exhibiting a conspicuous 
net-work, at least till macerated in water, or ex- 
posed to the action of the atmosphere, which de- 
composes and detaches the pulp or cellular tissue 
without affecting tlie longitudinal fibre. 
^ The innermost of the layers is denominated the Li- Liber 
her, the Latin term for a book, from its having been 
used by the ancients to write on before the inven- 
tion of paper. It is the finest and most delicate of 
them all, and often most beautifully reticulated. 
But the Liber of Daphne Lagetto is remarkable 
beyond that of all other plants for the beauty and 
delicacy of its net- work, which is not inferior to that 
of the finest lace, and at the same time so very soft 
and flexible that in countries in which the tree is a 
native the lace of the Liber is often- made to supply 
the place of a neckcloth.* 

But the layers of the bark do not always invari- Anom«< 
ably constitute a net-work such as has now been 

* Sloane, Iii;»tory of Jamaica^ vol. ii. p. 2Z 
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dtescfib^d. The bark 6f (he Frr-trM diiplaiys A6 
ftet-work ; the Liter bettfg tiief^fy a thick lay6r of 
][)1^ra1!el a^d contiguotxs threads, that seem to be 
Composed of a successibti 6f oUong and united ves- 
Sfels, aiid closely cemferrted together by a glutind^^t 
pdrehchymaj atid the outer layers being tnerely 
thick plates of inda^ted pulp separated by a thin 
membrane that fi>rms an ejiidertiri^ to ea^b.* 

If the cortical Wyers are injured 0^ destroyed by 
accident the part destroyed is again regenerated, 
and the wound healed up without a scar. But if 
the wound penetrates beyond the Liber the part 
destroyed is no longer regenerated. Or if a tree h 
bent so as to break part of the cortical fibres, and 
then propped up in its former position, the frac- 
tured fibres will again unite. Or if a portion of 
the stem is entirely decorticated and eovered with a 
piece of bark, even from anothet* tree, thfe twb dif- 
ferent, barks will unite. Hence the practicability of 
ascertaining how far the Liber extends. And hence 
also ihe origin of grafting, which i^ always eflected 
by a union of the Libfer of the graft and stock. 

SECTION V. 

The Ligneoits Layers. 

Of two The ligneous layers, or layers constituting thfe 
^^^' wood, occupy the intermediate portion of the 
stem between the bark and pith; and are dis- 
tinguishable into two different sorts— coheenlriq 
layers, and divergent layers. 
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SUBJECTION U 

' Concentric Layers. — ^Thc concentric layers (^PL Discover. 
VIII, Fig. 13.), which constitute by far the greater homonial 
part of (he naasd of the wood, are sufficiently con- ***"**"• 
spicdous for the purpose of exemplification on the 
surface of a horizontal section of most trQnks or 
branches, as on that of the Oak and Elm. particu- 
larly after being some time exposed to the weather. 
But iti some trunks, as in that of the Laburnum^ 
they arc marked even by a diversity of colour, 
liike the concentric layers of the bark they have been Imricaie 
supposed to correspond in number to the years ofthe^mt. 
the plant's growth. But the supposition seems to be 
here equally unconfirmed by accurate observation, 
though their number is no doubt in proportion to 
the age of the plant ; as the trunk is always found 
to contain more than the branches. But it has not 
been by any means proved that there is only one 
layer formed in the course of a year. On the con- 
trary Du Hamel has shown that a tree of twenty 
years old has not always twenty distinct layers ; and 
that a tree of ten years old has sometimes more 
then twelve. 

^t though they are generally described as being Are often 
concentric, they are not always strictly so. For jn'^flj!!^ 
tliey are often found to extend more on the one 
side of the axis of the stem or branch, than on the 
other. Some authors say the excess is on the north 
^ide, but others say it is oq the south side. The 
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former account for it by telling us it is because 
the north side is sheltered from the sun ; and the 
latter by telling us it is because the south sidejs 
sheltered from the cold ; and thus from the opera- 
tion of contrary causes alleging the same effect, 
which has been also thought to be sufficiently 
striking and uniform to serve as a sort of compass^ 
by which the bewildered traveller might safely steer 
his course, even in the recesses of the most ex- 
tensive forest. But if this were even the fact, it 
would certainly prove to be one of the most in- 
commodious compasses that was ever invented. 
For if the traveller must undergo the labour of 
cutting down a tree every time he may want to 
know his bearings, it is to be believed he will soon 
become tired of his instrument of observation. 

But Duhamel has exposed the futility of this 
notion, by showing that the excess is sometimes 
on the one side of the axis, and sometimes on the 
other, according to the accidental situation of the 
great roots and branches; a thick root or branch 
producing a proportion ably thick layer of wood 
on the side of the stem from which it issues. The 
layers are indeed sometimes more in number on 
the one side than on the other, as well as thicker. 
But this is the exception, and not the rule. They 
are thickest however on the side on which they are 
fewest, though not of the same thickness through- 
out. Duhamel after counting twenty layers on the 
one side of the transverse section of the trunk of 
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an Oak^ found only fourteen on the other. But 
the fourteen exceeded the twenty in thickness by 
one fourth part.* They are also generally thicker 
in the root than in the stem and branches^ as has 
been already remarked with r^ard to the layers of 
the bark. 

But the layers thus discoverable on the hori- And al- 
zontal section of the trunk are not all of an equal Il^u^al^n" 
consistency throughout, there being an evident ^^'^'^y* 
diminution in their degree of solidity from the 
centre where they are hardest, to the circumference 
where they are softest. The outermost layer, which Formine 
is the softest of all,' is denominated the Alburnum^ "burnuin, 
perhaps from its being of a brighter white than any 
of the other layers, either of wood or bark, from 
which character, as well as from its softer texture, 
it is also easily distinguished, though in the case of And in- 
some plants, as in that of the Poplar and Lime-tree, J^7fe« 
this peculiarity of character is not very apparent. ^®°^* 

From the peculiarity of external character how- 
ever, which it possesses in general, it was at one 
time thought to be a substance essentially different 
from that of the layers which it invests. The an- 
cients, whose phytological opinions were often very 
whimsical, supposed it to be something analogous 
to the fat of animals, and intended perhaps to 
serve as a sort of nutriment to the plant in winter. 
But it is now known to be merely wood in a less con- 
densed state, being yet lighter and softer than the 

* Phys. des Arbrcs, liv. i. chap, iii. 
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iasterior layers, but acquiring stareQgth and sotidiAy 
wkh' age. It does sot however acquire its utmost 
degree of solidity tiH after a number of years^ as 
ki plain from, the regular gradation observable in 
the solidity of the dsfferent hyers. But if a tree 
is barked a year before it is- cut down, theu the 
Alburnum is converted into wood^ in the course of 
that year.* 

SUBSECTION n. 

Divergent Layers.-^The divergent layers {PL 
VIII. Fig. 13.), which intersect the concentric 
layers in a transverse direction, constitute also a 
' considerable proportion of the wood, as may be 
Discover- secu in a horizontal section of the Fir or Birch« 
horizontal ^^ of almost any woody plant, on the surface of 
•ection. ^hich they present an appearance like that of 
the radii of a circle. But if the wood is split lon- 
gitudinally, in a direction passing through the centre 
of the stem, fragments of the divergent layers will 
be seen adhering to the surface of the fracture, in 
the form of large and smooth plates, which cross 
the concentric layers and form a sort of binding 
and cement to the whole, exhibiting a slight re- 
semblance to a fine but irregular wicker-work. 
This ap|Dearance is peculiarly conspicuous in the 
trunk of the Elm-tree and Oak, if riven in the 
above direction ; and in the latter even after having 
been planed, the irregular fragments of the trans- 

 Du Humel, Mem. ae l*Acad. 1737. 
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tefse plates'being of a deeper shade of colour than 
the rest of the wood, as may often be observed 
even in the flooring or wainscoting of a room^ of 
which the materials are oak. 

The divergent layers were at one time, and with Impm- 
sonie botanists are stilly denominated the MaduHary nominated 
Rays^ upon the supposition of their originating 'n«<*»^i*'7 
in the pith. This opinion was entertained by 
Du Hamel^ and supported by the following > fitct : 
Having taken the trunk of a Lime*tree of about 
four or five inches in diameter, about the middie 
of which there was a bud, and cut it asunder ob* 
liquely in the direction of the bud, and having 
examined the section with great care, he thought 
be could trace a ray of a whiter shade than the rest 
of the wood^ extending from the pith to the bud. 
Tile conclusion therefore was, that the bud ia 
formed from the pith, and that the ray extending 
from the one to the other is with propriety deno- 
minated a medullary ray.^ But if it is only recol- 
lected that buds are formed on the surface, and rays 
in the interior of the trunk, long after the pith 
has disappeared in the centre, the impropriety of 
the appellation of the medullary rays will be ren- 
dered evident, as well as the necessity of looking 
out for a different origin both to the bud and ray. 
The thicker and more conspicuous of the divei^ent 
layers may indeed be traced from the circumference 
to the centre ; but the thinner and intermediate 

* Phys, des Arbres, liv. i. chap. iii. 
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layers cannot always be so traced. Daubenton says 
he could not trace any of them quite to the pith, 
but that is by no means the case in all species of 
wood. 

Such then is the general aspect of the ligneous 
layers whether concentric or divergent, as discovera- 
ble in the transverse or horizontal section of the stem 
or branch. But it is necessary to pursue the in- 
vestigation still farther, and to endeavour to ascer- 
tain the component parts of the layers themselves, 
till they are at last reduced to their ultimate and 
elementary organs. 



SUBSECTION in. ^ 

Concen- Structure of the Layers. — If any one of the 
divisive" conceutric layers, as they present themselves at 6rst 
«UU ImSu ^^E^^ ^" ^ horizontal section of the stem, is taken 
^'* and inspected minutely, but particularly with the 

help of a good glass, it will be found to consist of 
several smaller and component layers, which are 
themselves composed of layers smaller still, till at 
jast they are incapable of farther division. In the 
Alburnum the aggr^ate mass of layers is very 
often separable merely with the hand assisted by a 
fine instrument, but in the matured wood it is sc^ 
parable only by maceration or decay. But the 
divergent layers do not seem capable of division 
into finer layers, whether by the knife or macera- 
tion. And as you cannot divide them into com- 
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pooent layers, so neither can you separate the two 
sets of layers so as to exhibit each of them entire. 
But as the divergent layers are soluble in fluids, in 
which the concentric layers are not, the latter may 
be exhibited pretty entire by means of the destruc- 
tion of the former. Du Hamel macerated^ for a 
long time, a piece of the trunk of an Oak-tree in 
water, in which the divergent layers are soluble, 
and found that the minuter divisions of the con- 
centric layers consisted ultimately of an assemblage 
of longitudinal fibres, so as to form a net-work 
similar to that of the liber. The same thing may 
be very distinctly seen in the stem of a full grown 
Cabbage, that has been pulled up out of the soil, 
and exposed for some considerable length of time 
to the action of the atmosphere. The divergent 
layers have been decomposed, and the concentric 
layers are left insulated. But one of the best and 
most beautiful of all examples of this kind is that 
of the net-work exhibited in the layers of the large 
roots of the Artichoke, which when exposed to the . 
weather till the divergent layers have been d<!^com- 
posed, present a multitude of skeletons of concentric Which 

1 r • ^ir/2i- ^ form a fine 

layers, formmg a net-work ol nbres as fine as a network. 
piece of lace. 

But this mode of analysis gives us no knowledge 
of the structure of the divergent layers, because 
they are decomposed in the process. yVe must 
consequently have recourse to the aid of the mi- 
croscope. And if a thin slice of one of them is 
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DirergieDt talccD^ >we ^b^l aHRpose froi9 a piece ^of Q^Il ar 

tlfm^sed Eto^ and put uiMje^T a good glass, it will befomid 

thrSTof' ^ ''^ CQWiposed of an asf^mblage of pai^Uel fibr^ey 

vniclei. qi* ^bre^ds of cpntiguQiiis yesicies^ .oot fbnmiog a iiiet* 

work/ but closely crowded together aiid compressed 

^nto a thip layer, being apparently nothing oiQue 

than the vesicles or cellular tissue of the pulp that 

originally existed in the Alburnuip^ naw, deprived 

• of its parenchyma^ but still filling up the inteiiistjce^ 

of the concentric layers, and binding tbeip together 

like a cement. 

To complete the analysis, Senebier maceratjed, 
in water and spirits of wine, ^ slice or layer ^akea 
from the trunk of a Fir-tree, and reduced it to a 
mere skeleton. It presented ^ net-worjc of i^bicb 
some of the areas of the meshes wei^ .Qccnpiod 
with an intervening substance, apd son>e .eof^pty. 
But the intervening substance reniftin^d only 
where the slice was thick* Where the sli<ie wa^ 
thin it had disappeared altogether, having been ^\$r 
solved in the water or spirits of wine. 3ut it is 

• 

known that the cellular tisspe is soluble in either qf 
these fluids. The conclusion therefore was, that 
the interstices of the net- work were occupied with 
cellular tissue, crossing the longitudinal layers in > 
horizontal direction, and uniting and cem^ftting 
them together by insinuating itself between them. 

But a slice of the transverse section presented 
also the appearance of a net^work after maccfr^tiqn ; 
which shows that the concentric layers muftt Jwb 
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united together, by something more than mere ^ 
cellular tissue.* Such at least was the inference 
of Senebier. But it is certain that the divergent 
layers acquire a degree of consistence in their ma* 
ture^ state, that can long resist the action of the 
atmosphere. ' On the horizontal section of the 
trunk of an Elm-tree that had been exposed for a 
great length of time to the weather, and had begun 
to be in a state of decay, I inspected minutely the 
net-work in question, and found it to. be evidently 
composed of the remains both of concentric and 
divergent layers. But the divergent layers are 
composed of cellular tissue, which, if in its mature 
state, it can long resist the action of the atmos- 
phere, might for the same reason have long re- 
sisted the action of the solvents employed by 
Senebier ; and might still have been the only bond 
of union between the concentric layers ; the sub- 
stance which first disappears, and renders the net- 
work visible, being the indurated parenchyma con- 
tained within the cellular tissue, and assuming in 
the Alburnum a soft and floccy appearance, rather 
than the cellular tissue itself. 

The concentric layers therefore are composed of And both 
longitudinal fibres, generally forming a net-work ; wOTinUkc 
and the divergent layers, of parallel threads or Qf*j[^^^*^' 
fibres of cellular tissue, extending in a transverse 
direction, and filling up the interstices of the net- 
work ; the two sets of fibres' being interwoven and ' 

 Phys. Veg. vol. i. p. 209* 
VOL. I. Z 
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interlaced together^ so as to form a firm aiid com- 
pact body in the matured layers ; and thus corre- 
sponding exactly to the description given of them 
by Grew and Malpighi^ in which the longitudinal 
fibres are compared to the warp^ and the transverse 
fibres to the woof of a web. 



SUBSECTION IV. 

Composed Vegetable Fibre. — ^In plants that are purely her- 
still imail- baceous^ and in the herbaceous parts of woody 
^'' plants^ it has been seen that the stem or other 

herbaceous part, is furnished with a number of 
notable and often insulated fibres passing longitu- 
dinally throughout its whole extent^ as in the stipe 
of Jspidium FilLv-fnas, or leaf-stalk of the Elder. 
These fibres^ when viewed superficially, aj^pear to 
be merely individuals, but when inspected minutely 
and under the microscope, they prove to be groups 
or bundles of fibres smaller and minuter still, 
firmly cemented together, and forming in the ag- 
gregate a strong and elastie thread ; but capable of 
being split into a number of component fibres, till 
at last you can divide th^m no longer. 
The longi. The same is the case with the longitudinal fibres 
fibrin be- composing the net-work of the layers both of the 
i?^l!ll» ^^^ ^^ wood, as wdl as with the fibres of the 
divei^nt layers, by which those of the concentric 
layers are crossed ; which last two indeed are not 
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only di^BSsfrent in their external structure, as has been 
already seen^ but also in their degree o£ tenacity 
eT«n in the same plant. This is obvious from the 
woH known &cst of the splitting of the wood which 
yon can always easily eflect in the direction of the 
longitudinal fibres, but never in the direction of the 
transverse fibres, owing evidently to the strong and 
toi^ fabric of the former ; and to the slender and 
delicate contexture of the latter. 

Henc^ also the firmness or hardness of any par- 
tieular species of wood depends upon the number 
and compactness of its longitudinal fibres. The 
loE^tudinal fibres of Guaiacum and Mahogany are 
numerous and closely united, and die wood very 
hard ;. while the longitudinal fibres of the Fir-tree 
and Poplar are few and scattered, and the wood 
vecy soft ; the hardest wood being always of slowest 
growth, as in the case of the Oak and Box ; 
and the softest wood of quickest growth, as in the 
case of the Horse^ohesnut and Ash. 

If the fibres of the bark or wood are examined And ap« 
individually with a good glass, they will not be romjloiU 
found to present, as might perhaps have been ex^ ^i'c^r 
peeted, a smooth and uniform surface ; but rather ""8^ i 
an appearance as if composed of a succession of 
rings, giving them a sort of slight resemblance to 
the awn of Barley.* In the liber and . alburnum 
they are soft and gelatinous ; but in the interior 
layers of the wood, and exterior layers of the bark, 

 Seneb. Phys. Veg. vol. i. p. 69- 

22 
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they have acquired their utmost degree of solidity 
and cohesion^ which may be appreciated from the 
solidity and cohesion of the wood which they form, 
according to the 'weight that any given length and 
diameter will sustain. When viewed under the 
microscope they are generally transparent^ and par- 
ticularly at their points of inosculation. But in some 

• 

plants they are much finer than in others ; or the 
bundles they form are smaller^ as well as the mieshes 
of the net- work they compose, varying .in their 
aspect and properties in almost every species ; and 
yet exhibiting a peculiarity of character that is 
always uniform. . Hence the carpenter can dis- 
tinguish the difierent species of timber by inspect- 
ing the surface of the section or fissure, with as 
much facility as the botanist can distinguish the dif- 
ferent species of plants by regarding their external 
habit. 
As well But the quality of the fibres is not invariably the 
diif^Dg same throughout all the difierent oi^ans of the 
Jl'fJJ?^ plant. In the leaf they are more delicate than in 
tlie stem, and in the fiower they are more delicate 
than in the leaf. And yet this is not more than what 
might have been expected from the analogy of the 
vegetable to that of the animal in the applicability of 
its xliflferent organs to the functions they are to per* 
form — the nerves or organs of sensation in the 
animal being much more delicate in their fabric than 
the muscles by which a limb is extended. 

And yet, delicacy or strength of fabric does not 
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constitate the whole of the difference between the 
fibres of the several organs of the plant. For they 
are often also different in kind as well as in degree^ 
as may be exemplified in the fibres of the bark and 
wood. If the fibres of the former are separated by 
the destruction of a part^ the part is again regene- 
rated^ and the fibres are again united> without leaving 
behind them any traces of a wound. But if the fibres 
of the latter are separated by the destruction of a 
part, the part is never regenerated^ and the fibres 
are never united. 



CHAPTER III. 

ELEMENTARY OR VASCULAR ORGANS. 

From the previous analysis of the composite or- 
gans it appears they are all ultimately reducible to 
fibres, cellular tissue with or without parenchyma, 
and reticulated membrane — which we must con- 
sequently regard as beings under one modification or 
other, the ultimate and elementary organs of which 
the whole mass of the plant is composed. If it is 
asked of what the elementary organs are themselves 
composed, the reply is-— they are composed, as ap- 
pears from the same analysis, of a fine, colourless, 
and transparent membrane, in which the eye, aided 
by the assistance even of the best glasses, can dis- 
cover no traces whatever of organization ; which 



I 
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membrane we must also tegard as constituting ^ 
ultimate and fundamental fabric of the elementarf 
ol^iis themselves^ and by consequence of the vriiole 
of the vegetable body. 

But though we have thus ascertained the uUiinftts 
and elementary organs of the whole of the vegela^ 
ble body> tc^ther with the primary fiibric of whieh 
th^ are themselves composed, we have not yet 
finished oiir inquiries with respect to them. A 
question or two remains yet to be instituted antl 
answered, with regard to the structure of the longi- 
tudinal fibres. Are they tubular, or are they solid ? 
and if tubular , are they all of the same species ? 
Longita- It has been asked, indeed, by some phytologists 
tubular, whether or not plants are furnished with vessels 
analogous to the blood vessels of the animal system. 
But if it is admitted that plants contain fluids in 
motion, which cannot possibly be denied, it will 
follow as an unavoidable consequence that they 
are furnished with vessels conducting or containing; 
such fluids. We have already seen that the pulp 
and pith are composed of clusters of bags or blad* 
ders> which are, at least in the young shoot or 
plant, filled with a vegetable juice. But it is not 
with regard to them that any doubt has existed ; 
l>ut with regard to the structure of the longitudinal 
fibres, which some have described as tubular, and 
others as solid. The latter have said that it is nn* 
possible to discover any tubular cavity in such fibres 
even with the aid of the best glasses ; and have con* 
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tended that it is not likely they should contain such 
cavity from their capability of indefinite division. 
But the fact is^ that the tubular structure of the 
longitudinal fibres may be distinctly perceived^ as 
well as legitimately inferred^ in the case both of her- 
bjaceous and woody plants. 

If the stem of a plant of Marigold is divided by As diaoo* 
means of a transverse section^ the divided extremities the sJm" 
of the longitudinal fibres^ arranged in a circular row ^o^^" 
immediately within the bark, will be distinctly per- P'*»^- 
eeived, and their tubular structure demonstrated by 
means of the orifices which they present^ particu* 
larly when the stem has begun to wither."!^ The 
same. sort of structure may be observed in the stem 
of cucurbitaceous plants also^ particularly in that of 
the Gourd, in which there are besides discoverable 
several sets of longitudinal tubes situated near the 
centre, and of considerable diameter. 

But it has been pretended that the above aper- Ol^eo. 
tures are not the orifices of vessels^ because they do 
not empty themselves when cut. This would not 
be a very formidable argument if it were even the 
fact, which it is not $ as there are many plants to 
be met with whose vessels do empty themselves 
when cut. If you cut or break asunder the stem of Aniwered. 
any species of Spurge the vessels will immediately 
begin to empty themselves on both sur&ces formed 
by the section or fracture ; and if the vessels do 
not so empty tliemselves in all herbaceous plants^ 

• Veiitenat. Tab. du. Reg. Veg. vol. i. 
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they may be emptied^ at least in part, by means of 
pressure. 
Additional But if this Were not the case, I think the tubular 

prooff. 

structure of the longitudinal fibres might be de- 
monstrated even from other facts. Having taken 
the peduncle of a male flower of Marchantia poly* 
morpha and pulled it gently in two, I found that 
the central and longitudinal fibre had not been 
fractured at the point, where the rest of the pedun- 
cle was fractured, but at the distance of about an 
inch. The consequence was, that it was drawn out 
of the surrounding substance as out of a sheath, 
and laid bare to the above extent. It was perfectly 
colourless and transparent, and what appeared to 
the naked eye to be but one fibre, was found under 
the microscope to be composed of a number of 
ismaller fibres amounting at least to twelve^ perhaps 
twenty, and closely adhering together by the whole 
of their length. In these I could plainly perceive 
' the existence of a fluid, which was in some ascend- 
ing and in others descending with a quick but in- 
' terrupted motion, like that of the mercury in a tube 
that has not been well cleaned, or of the air in a spirit 
of wine level. From this I think the tubular struct 
ture of the longitudinal fibres, together with their 
capacity of conducting fluids, is clearly demon- 
strated ; as well as from the visibility of their aper- 
ture on the transverse section. 
SiiTof" Leuwedhoeck, tvho was a great advocate for the 
Leu wen. yasqu)ar ^Structure of the vegetable fibre, pursued 
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his investigations even into the interior of the 
tubes themselves, in which he appears to have made 
some minute discoveries. He describes the fibres of 
the vegetable, whether vertical and horizontal, as 
constituting tubes whose diameter he attempted to 
measure, and whose interior he found to be lined 
with a sort of fine down.* It is probable, how- 
ever, that he was indebted for part of his discoveries 
to microscopical deception. But it must be con- 
fessed that the accuracy of his observations is in 
some degree corroborated by those of Du Hamel, Du Ha- 
who having contrived, by means of coloured injec- 
tion, to render conspicuous the vascular structure of' 
the fibres of several different species of reed, de- 
scribes them as being enveloped in a medullary 
substance, and lined on the interior surface with a 
fine down.4' Tournefort describes the same ap-Tounw- 
pearances as visible in the longitudinal tubes of the 
stem of the Potamogeton and Nymphcea; in which 
last they are easily detected, owing to the large 
diameter of the tubes^ though I should be inclined 
to denonrinate them internal spines rather than a 
down, they appear so large and strong. 

But the tubular structure of the fibres is not so As dlsco- 
readily distinguished in the stem of woody plants, ^"ody *" 
though the evidence of its existence is sufficiently P^***^*' 
satisfactory. It cannot be denied that wood is, at 
least, ])ermeabte to water, as is plain from the fol- 
lowing facts. A wedge of wood driven into the 

• Arcana Katurap, p. 12. f Pbys. des Arb. liv. i. chap. i. 
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chink of a rock will expand very perceptibly if 
wetted with water. The water must consequently 
have been absorbed. Spirits of wine will evaporate 
out of a wooden box however well it may be closed ; 
and mercury may be forced even through a piece of 
hard wood by means of the air pump. Hales made 
water pass through a branch of an Apple-tree cut in 
autunm, merely by putting the one end of it in a 
glass tube which he filled with water. It may be 
said, indeed, that these facts are no proof of the ex- 
istence of tubular fibres ; and that the passage of 
the fluid is to be accounted for upon the principle 
of filtration. It is to be recollected, however, that the 
principle of filtration will not account for the as- 
cent of the sap to the summit of the vegetating 
plant, particularly with the force by which it is 
known to ascend. 

Analogy also authorizes us in supposing that 
woody plants are furnished with tubular fibres as 
well as herbaceous plants, since they are equally 
necessary to the conveyance of the fluids passing 
through them. And though the tubular fibres of 
woody plants do not, like those of many herbaceous 
plants, readily part with their juice by means of 
cutting or pressure, yet they will readily part 
with it if exposed to the action of a strong heat. 

But the tubular structure of the longitudinal 
fibres of woody plants is cognizable also by the eye. 
On the horissontal section of a piece of wood that 
has been long exposed to the action of the atmos- 
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phere so as to exhibit symptoms of incipient putre« 
faction^ the orifices of the tubes may be distinctly 
perceived. They are particularly apparent on the 
horizontal section of decayed trunks of the Elm* 
tree, in which they are arranged in circular rows in 
the direction of the concentric layers. In this case, 
however, they exhibit merely a skeleton ; but Hed- 
Wig observed them in the transverse section of a 
branch of the Pear-tree detached even in the spring, 
while the sap was yet flowing. They were largest 
and most distinct in the layers immediately under 
the bark, but diminishing in their diameter towards 
the centre.* 

It has been maintained, Iiowever, that the cavities Objec- 
observable in the horizontal section of the wood 
are dot the orifices of tubular fibres, but of spaces 
formed by the circular disposition of sets of fibres 
closely united together, but leaving a tubular open-* 
ing in the centre. But if this were even the fact, 
still these openings are as completely a vessel as if 
the fibres themselves were tubular; and it is but 
of little consequence in the mean time to know how Answered. 
the tubes are formed, if they are but acknowledged 
to exist. Regarding it therefore as certain that 
plants are furnished with longitudinal tubes, as well 
as with cells or utricles for the purpose of conveying 
or containing their alimentaiy juices, I shall pro- 
ceed to the specific illustration of both together with 
their peculiarities and appendages. 

* De Fibrae Vcgetabilis Orto, § i. 
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SECTION I. 



Utricles. 



Descrip- The UtHcIes are the fine and membranous vessels 



tion 



constituting the cellular tissue of the pith and pulp 
already described, whether of the plant>' flower^ or 
fruit. Individually they resemble oblong bladders^ 
inflated in the middle^ as in the case of some plants ; 
or circular, or hexagonal cells^ as in the case of 
others. Collectively they have been compared to 
*an assemblage of threads of contiguous bladders or 
vesicles, or to the bubbles that are found on the sur« 
face of liquor in a state of fermentation. 
As exist- But thi^description is applicable to them only as 
herbs. ^^y occuf in herbaceous plants, or in the soft and 
tender parts of woody plants ; though in either case 
they are not always of the same figure in all the dif- 
ferent parts of the same plant. In the leaf-stalk of 
the Artichoke, for example, their diversity of figure 
is very conspicuous, presenting, in their free and 
uncompressed state, whether on a horizontal or 
longitudinal dice, a beautiful assemblage of hexa- 
gonal cells; but in their crowded and condensed 
state, as they approximate the longitudinal fibres, 
an assemblage of tubular threads successively in- 
flated and contracted. In woody plants their diver- 
sity of figure is still greater, as must appear evident 
if it is but recollected that they constitute not only 
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the bagb or bladders of the cellular integument and 
pith> and of the pulp of the leaf and fruity but also 
the very fabric of the divergent layers themselves, 
assuming a peculiarity of aspect according to the 
di^iree of compression they sustain from other 
parts; or according to the degree of induration 
they may have undergone^ ascending progressively 
from the succulent texture of the pulp and pith to 
that of the firm and perfect wood. 

The structure of the utricles of the tree is also In trees., 
said to be different from that of the utricles of the 
herb, the former being composed of a single mem- 
brane, and the latter of a double membrane. Sene- 
bier is, however, of opinion that they consist of a 
double membrane in both cases, though not so con- 
spicuous in the one case as in the other, owing to 
the more compact and condensed texture of the 
wood. But of this I can say nothing from any 
observations of my own, having never been able to 
satisfy myself of the existence of the double mem- 
brane in either case. 

However, they are all mutually connected with one United to 
another and also with the other vessels of the plant ; todtmO^ 
which double union is rendered evident by means of ^"^^ 
coloured injections, or rather by means of the ab- 
sorption of coloured infusions, from which the 
utricles^ as well as the longitudinal tubes, always re- 
ceive a tinge. But in the petals, stamens, and 
pistils, they do not seem to be connected with the 
longitudinal vessels as in the other parts of the 
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pUnt ; end perhaps they are also somewhat pecu- 
liar in their organization as may be inferred from th« 
following &ct<— namely, that the white and mitty 
juice^ with which they are filled in the stem and 
branch of the Fig, does not ascend above the pednn^ 
cle. In the pith they are generally larger than in 
any of the other parts of the plant ; and in plants 
ivom which part of the trunk has been cut off, it has 
been remarked that they become altogether larger 
and more inflated than in plants of the same species 
tit^t have not been so treated ; which enlargement 
,is perhaps to be accounted for from the superabun- 
dance of sap that now pervades them in consequence 
of the diminished bulk of the vegetable. Senebier 
speaks of other utricles distinct from those of the pa> 
renchyma, by which he means the pulp or pith^ but 
without saying any thing explicit on the subject, and 
without representing them as different in form.* 



SECTION II. 

Tubes. 

Their dif- The Tubes are the vessels formed by the cavities 

ft 

•orta. ^f the longitudinal fibres, whether as occurring in 

the stem of herbaceous plants, or in the foot-^talk 

of the leaf and flower, or in the composition of the 

cortical and ligneous layers, or by longitudinal open«> 

ings pervading the pulp itself, as in the case of the 

* Phys. Veget. vol. i. p. 100. 
2 
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Vine^ They have generally been characterized 
under the denominations of proper vessels^ lympha- 
tics^ and tracheoe. But as this is rather premature 
refisrence to their different uses, which is besides 
not altogether correct^ I shall adopt with a little al- , 
teration the denominations introduced by M . Mir- 
bel, as arising from their form or structure. The 
first and primary division founded upon this princi« 
pie is that by which they are distributed into large 
tubes, and small tubes.*' 

4BUBSECT10N I. 

Large Tubes. — ^The Large Tubes are tubes dis- 
tinguishable by the superior width of the diameter 
which they present on the horizontal section of the 
Several parts of the plant. 

In herbaceous plants they are represented by Their 
M. Mirbel as being always found in the centre of species, 
the longitudinal fibres ; while in woody plants they 
are often dispersed at random ; though they some- 
times form regular groups, which are sometimes 
concentric circles constituting the principal mass 
of Ihe ligneous layers. They are generally to be 
found in great abundance surrounding the medul* 
laiy canal. They are found also in the bark, and 
are capable of being traced from their origin in the 
extreme fibres of the root, to their termination in 
the extreme summit of the plant, uniting in the 
body of the root, traversing the collar, penetrating 

* Phys. Veget. vol. i. p. 6l. 
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and ascending the stem in a parallel direction^ 
separating and entering the branches, buds, and 
foot-stalks ; separating again and distributing theoa- 
selves in smaller bundles so as to form the nerves 
and veins of the leaves and petals, the slender 
fibres of the stamens and pistils, and the firm and 
woody fibres of the fruit. In the LichenSj Fuci^ 
. and Fungi, no large tubes are discoverable even 
with the aid of the microscope; though in the 
transverse section of most other plants they are 
visible without a microscope. Such is the sub- 
stance of M. MirbeVs description of the large tubes 
which he divides into the five following varieties : 
simple tubes, porous tubes, spiral tubes, false spiral 
tubes, and mixed tubes. 
The Article l. Simple Tubes. — ^The simple tubes 

!r^*^^ {PL VIIL Fig, l6.\ which are the largest of all 
tobe^ ^jjg large, tubes, are formed of a thin and entire 
membrane, without any perceptible disruption of 
continuity, and are found chiefly in the bark; 
though not confined to it, as they are to be met 
with also both in the Alburnum and matured wood, 
as well as in the fibres of herbaceous plants. 3ut 
they are particularly conspicuous in the stem and 
other parts of the different species of Euphorbia 
and Periploca ; and in all plants in general con- 
taining thick and resinous juices, known by the 
name of the proper juices^ to the ready passage of 
which their great width of diameter is well adapted. 
Sometimes they are distinguishable by their colour, 

4 
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which is that of the juices contained in them; 
being white, as in Euphorbia; or yellow^ as in 
Celandine ; or scarlet, as in Piscidia erytkrina. 
In the plant they are united in bundles, but are 
detachable from one another by means of being 
steeped for a few days "in spirit of turpentine, when 
" they become altogether colourless and transparent, 
|>ecause the resinous matter which they contained 
has been dissolved. Senebier says they retain their • 
cylindrical form even in their detached state; and 
if so, the membrane of which they are composed 
must be very strong.* 

t Article 2. Porous Tubes. — ^The porous tubes Descrip- 
resemble the simple tubes in their general aspect ; ^*^°' 
but differ from them in being pierced with small 
holes or pores, which are often distributed in re* 
gular and parallel rows. They are found in most 
abundance in woody plants, and particularly in 
wood that is firm and compact, like that of the 
Oak ; but they do not, like the simple tubes, seem 
destined to contain any oily or resinous juice. 

Article 3. Spiral Tubes. — ^The spiral tubes Dewrip- 
{PL Ylll. Fig. 17.) are fine, transparent, and ^'''"■ 
thread-like substances, occasionally interspersed 
with the other tubes of the plant, but distin- 
guished from them by being twisted from right to 
left, or from left to right, in the form of a cork- 
screw. They occur in most abundance in herba^ 
oeous plants, prticularTy in acquatics ; but they 

*. Phys. Veg. vol. i. p. 9?. 
VOL. I. 2 A 
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are alao to be met with in woody pbntB, whether 

As occar- flhrabs or trees. If the stalk of a plant of the 

aceoot ' ** liliaceous tribe, or a tender shoot of the Elder, is 

P^^* taken and partly cut across, and then gently brdcen 

or twisted asunder, the spiral tubes may be seen 

even with the naked eye, uncoiled somewhat, but 

remaining still entire even after all the other parts * 

have given way ; and if the inferior portion oi the 

stalk is not very large, it may be kept suspended 

fi>r some considerable time merely by the strength 

of the tubes ; which, though now almost entirely 

uncoiled by means of the we^ht they support, 

will, when they finally break, suddenly wind up 

at each extremity, and again resume their spiral 

form* 

First de- Grew and Malpigbi, who first discovered and 

Q^^ ^^ described tbem^ represented them as resembling 

Malpighi, jjj jjjgij. appearance the Trachea, or windpipe of 

And animals, and designated them by the same term ; 

UKhL. *** appellation by which they are. still very g^ie- 
rally known. Du Hamel endeavoured to convey 
an idea of their form by comparing it to that of 
a piece of riband rolled round a small cylinder, 
and then gently . pulled off in the direction of its 
longitudinal axis. The figure of the riband be« 
oomes, thus, loosely spiral* This is a very good 
illustration of the figure of the spiral tubes in their 
uncoiled state ; but it does not i^epresent them very 
correctly as they exist in the plant. But the best 
illustration of this kind is perhaps that of Dr. 
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Thomson's. Take a small cylinder of wood^ and 
wrap rodnd it a piece of fine and slender wire, so 
as that the successive rings may totich one another, 
and then pull out the cylinder. The wire as it 
now stands will represent the spiral tubes as they 
exist in the plant And if it is stretched by pull- 
ing out the two extremities, it will represent them 
in their uncoiled state also.* 

But although the spiral tubes are to be met with 
in almost all plants, they are not yet to be met 
with in all the different organs of the plant ; or at 
least there are organs in which they occur but 
rarely, or in very small numbers. 

They do not seem to occur ofbn in the root, or Not eat iiy 
at least they are not easily detected in it. Grew tiSl*wt,"* 
and Malpighi do indeed represent them as occur- 
ing often in the root, the former referring for ex- 
amples -f* to the roots of plants in general^ and the 
latter^ to those of the Asparagus, Poplar, Con-* 
TOlvuIus, Elm-tree and Reed ; all of which I have 
examined with* great care, without being able to 
discover any spiral tubes. Senebier says he found 
tbem in the root of the Balsams and Thorn-apple;^ 
in examining which I was equally unsuccessful as 
in examining the former. I cannot, however, doubt 
the accuracy of the observations of the above phy- 

* Thomson's ChemUlry, voK W. ]># 405. 
t Anatomy of Roots^ chap. iv« 
X De Radicc Plantarum. Operi^ Omnia, 
f Senebirr, Phys. Veg. vol. i. p. 10^. 
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tologists, and can only set down my own want of 
success in discovery to the score of some defect, 
either in the specimens eYamined, or in my mode' 
of examination. Indeed the only root in which 
I have ever found them, after . examining a very 
considerable number, is that of the common garden 
Lettuce, known by the name of Cos Lettuce. 
Having taken the root of a plant that was just 
putting out its flowers, and stripped it of its bark, I 
then cut it partly across about the middle of it^ 
length, and broke the remainder of it gently 
asunder. On examining the surface of the frac- 
ture with the microscope, fragments of spiral tubes 
were seen projecting from it near the centre. 
They did not seem very tenacious of their spiral 
form; and when once uncoiled did not readily 
resume it. 
Or Item of The spiral threads are to be found also, in the 
^anto; stcm and branch ; but not in all parts of them ; 
or at least not in all periods of their growth. It 
seems very doubtful whether they exist at all in 
the bark. Daubenton professes indeed to have 
seen them in it; but I believe no one else ever 
has ; so that we are perhaps sufficiently well war- 
ranted in entertaining our doubts. It seems also 
very doubtful whether they exist in that part of 
the stem which consists of matured wood, though 
Daubentbti professes to have seen them in the wood 
of the Cedrela; in which case he does not alto- 
gether stand alone; as they are. represented both 

2 
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by Grew and Hedwig, as visible also in the wood. 
But I believe they have not been found in the ma- 
tured wood^ by any other vegetable anatomists. 
Du Hamel never met with them in any of the 
woody parts of woody plants^ except in the young 
and herbaceous branches.* Mirbel expresses him- 
self to the same effect.-f- And Mr. Knight^ who 
has examined the subject perhaps still' moi*e re- 
cently, could not detect them in any of the per- 
manent parts of such plants, except in the annual 
shoot.:}: My own observations on this subject have 
had nearly a similar result. Among many sub« 
jects of examination I shall mention only the 
Elder, Willow, Hawthorn, Cherry, and Elm-tree* 
In the three former I found them only in the an- 
nual shoot, situated immediately without the pith, 
or rather imbedded in the Alburnum ; though in 
the Elder some of them seemed to be imbedded 
even in the pith itself. In the Cherry I found also 
a few, very few similarly situated in the branch 
of two years old ; but none in wood older than 
that. And in the Elm-tree I have sometimes 
thought I had discovered them even in the matured 
wood, tiaving placed under the microscope a very 
thin slice taken from a piece of the trunk of an 
EIm*tree, that had been felled at least six or seven 
years, I thought I was able to trace the remains of 
the spiral tubes. The slice was taken from the 
surface of a longitudinal section passing through 

 Phys. des Arb. f Pbys. Veg. vol. i. p. Sj. t Phil. T/ans. 
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the centre of the trunlc, and clear of divergent 
layers ; and the tubes seemed to appear most dis* 
tinct when the slice was so placed as to present 
their longitudinal dimensions to the light. They 
seemed to reftemble ribands wrapped spirally 
round a cylinder rather than to form separate 
/ ye^S| which corresponds very well to their tp- 
pi^ranqe even in the succulent parts of many 
plantSi as described by Knight. Some of them 
seemed even separate and entire. And yet upoa 
repeated observation I have not been able to satisfy 
myself entirely on this point, though I have ven-* 
tured to state the case circumstantially, as being 
the probable means of inducing some one to take 
np the subject who may be more felicitous in bit 
investigations. It cannot be said to be a vain or 
fruitless inquiry. For as they are known to bav« 
existed at least in the tender shoot, it will follow 
that ^hey must exist in one shape or other in the 
matured wood also. And if their spiral form. U 
there obliterated^ under what other aspect do they 
now appear? |t seems certain from the observa** 
tions of Hedwig, that they asiume a diiierent figwei 
in different stages of the plant's growth*' In thfi 
peduncle of the Cokhmm atfiummk, the riaga 
of the tubes are closer when it be^$ to vpftwf 
i^bove ground, than at the time of flowering ; iwom 
which he concludes that they are at length entirely 
obUterated, and the tubes converted into woody 
fibrcr jQut son^etimes it i^ di^cult to detect th^isa 
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even in the young shoot ; though they, are gene- 
rally to he observed by In-eaking it gently asunder, 
and then examining the surface of the fracture with 
a microscope. In this case they appear in small 
fragments projecting from the surface, and some- 
what uncoiled ; but if the shoot is split longitu- 
dinally, a portion of them will sometimes be found 
extended longitudinally on the surface of the fissure 
in an uncoiled state. 

In the stem and branches of herbaceous plants But eaiiij 
they are generally discoverable without much dif- thc7tem*** 
ficulty, accompanying the longitudinal fibres andj^^^j^^ 
forming part of the bundles. • I have found them o^ b«r^ 

oeous 

in the stem and branches of the Burdock even in pianti ; 
winter, when the fragments of the mature plant 
had become quite indurated by means of their 
exposure to the weather. 

They are also very easily detected in the foot* As also in 
stalk both of the leaf and flower, accompanying, or stsak, 
rather seeming almost entirely to compose, the bun* 
dies of longitudinal fibres. This may be wdl exem- 
plified in the leaf-stalk of the Artichoke when 
young and fresh, in the fibres of which they are not 
only remarkably large and distinct, but also re* 
markably beautiful ; some of them exhibiting in their 
natural position the aj^arance of spiral coats in* 
vesting interior fibres rather than that of forming a 
distinct tube, and seeming when uncoiled to be them- 
selves formed of a sort of net-like membrane, con* 
sisting of three principal and longitudinal fibres. 
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Andlaf, They are discoverable also in the kaf^ though 
not quite so easily detected as in the leaf-stalk. 
But if a leiBtf is taken and gently torn asunder in 
a transverse direction, fragments of the spiral tubes 
will be seen projecting from the torn edges^ aod 
generally accompanying the nerves. 
Bat rarely They are also to be found both in the calyx apd 
irx^and^* corolla^ but uot SO generally- as in the leaf, on 
corolla, which account some botanists have decided rather 
too hastily with regard to their non-existenqe in 
these parts of the flower. Mirbel says no trachese 
are to be found in the calyx nor in the corolla, 
except in the claw.*. But I have found them most 
unequivocally in the calyx of Scabiosa arvensis; 
and also in the expansion of the corolla of the 
same plant, as also in the calyx, both common and 
prdper, of Dipsacus sylvestris ; and in the corolla 
of the Honey -suckle, in which they appeared to be 
placed within the nerves, or at least to be closely 
united to them. 
And oihcr In the Other parts they do not seem to oocui 
Sovrer ^frequently, or at least it is difficult to detect them. 
Malpighi represents them indeed as occurring in 
the stamens, 'f' but I have not been fortunate enough 
to meet with them in the stamens pf any flower I 
have hitherto examined. I have looked' for them 



• Trait. d*Anat. et de Phys. Veg. vol. ii. p. 19. 
+ Staminum corpus et appensa capsula ligneis fistulis ct %ra^ 
cJieis inlegrantur. Anat. Plants p. 49. 
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also in the style of many flowers, and found them 
in that of the Honey-suckle only. 

According to the observations of Grew and Mai* And wed. 
pighi, they are to be met with both in fruits and 
seeds ; though Hedwig says they are not to be seen 
in the cotyledons, except during the process. of ger- 
mination, and that only by means of their being 
moistened with some coloured infusion. But 
Gsertner says they are conspicuous in the thinner 
cotyledons even before germination takes place; 
and Reichel is said to have detected them even in 
the plumelet and radicle.* 

But in whatever part of the plant they are found TYuy tie 
to exist, they are always endowed with a consi- ' 
derable degree of elasticity, as has been already 
noticed. For though they are forcibly extended 
so as wholly to undo the spires, they will again 
contract and resume their former figure when the 
extending cause is withdrawn, and if they are even 
stretched till they break, the fragments will again 
coil themselves up as before. It has been said And ca- 
however, that those of the Butamus umbeUati4Si^\j^la-> 
if once uncoiled, will contract again no more.-f****^**** 
But this is true only when they are stretched to a 
greath length. For when they are stretched gently 
and moderately they will again contract, as I have 
proved by experiment. 

Malpighi, in the course of some observations on 
the spinal tubes during the winter season, fancied 

 Senebier Pbys. Veg. i. 1 10. t Mirbcl Anat. Veg. i. 68. 
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he fand pencehred a sort oi vermicular and aponta* 
naous movement in them. But as I -believe, ha 
thought he saw this movement only once^ and as 
it has never since been seen by any subsequent ob» 
server, it appears that we must be content to set it 
down to the score of microscopical deception, or to 
the efiect of the atmosphere upon the tubes when 
exposed to its action. 

Article 4. FaUe Spiral Tuba. — ^The fiilse spiral 
tubes are tubes apparently spiral on a slight in- 
spection, but which, upon minute examination are 
found to derive their appearance merely from their 
being cot transversely by parallel fissures. They 
Not ca- cannot consequently be uncoiled like the true spiral 

EeiDg an- ^l>^ > ^o** ^<^ ^^Y ^ separated into distinct 
^^^- rings; because the continuity of the membrane 
of which they are formed, and by consequence the 
extremities of the fissure which may always be 
discovered by a little attention, prevent that sepa* 
ration. They are somewhat analogous to the porous 
tubes; for the fissures, like the pores, are furnished 
with a ring surrounding the lip. But th^ are more 
generally found in the soft parts of woody plants 
than the porous tubes, and often also in herbaceous 
plants. In the Lycopodia and Ferns, they are 
found in great abundance; and also in the soft 
parts of the vine.* I have often observed them in 
vine shoots of about a year old ; but not far Irom 
the pith; which makes me suppose that they are 

* Mirbel, Phys. Veg. vol. i, p. 65. 

4 
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perhaps formed of the true spiral tab«s, by means 
of a partial union <^ the spires. 

Artici^e S. Mised 7tf6ef .-^Tbe mixed tubes are Descrip. 
tubes <)ombiuiog in one individual two or aiore of '^' 
the foregoing varieties. Mirbel exemplifies tbem 
in the case of the Butomus timbellatus or Flowering 
Rasby in which the porous tubes, spiral tubes^ and 
false spiral tubes, are often to be met with united 
in oue. He seems however to be of opinion that 
the appearance is to be regarded as being mereljr 
an indication of the incipient stage of the process, 
of the union of the contiguous rings of the spiral 
tubes, by which they are to be converted into a 
new form. 

SUBSECTION II. 

SniaU Tubes**^The small tubes are tubes com- Fonned of 
posed of a succession of elongated cells united ^j.^^f'^ 
like those of the cellular tissue. Individually they 
may be compared to the stem of the grasses, which 
is formed of several internodia separated by trans- 
verse diaphragms ; and collectively to a united as*- 
semblage of parallel ^ and collateral reeds. The 
membrane of which they are formed is often pierced 
with a great number of pores ; but is at the same 
time thick and strong, being cut with difficulty in 
a transverse direction, though in a longitudinal di- 
rection it is divisible without effort. M. Mirbel 
says the solidity of the vegetable depends upon the 
number of interrupted or cellular tubes. They are 



3(U ELEMENTARY ORGANS. CHAP. Ilf. 

not discoverable in the embryo, nor even in the 
young plant at a very early period, but only when 
the parts have been fully developed, in which stage 
they are discoverable in most plants without 
much difficulty, pervading the ramifications of the 
branched Lichens, and the stem of the Mosses; 
surrounding the fibrous tubes of herbaceous plants, 
and constituting also longitudinal fibre ; and inter- 
mingling themselves even with the fibrous tubes of 
woody plants, and constituting part of the ligneous 
layers, as well as the prominent ridges vrith which 
the surface of vegetables is marked. In the finer 
and more delicate parts of the plant they are also 
equally prevalent, accompanying the nerves of the 
leaves and petals, and forming part even of the 
stamens and pistils. But in these fine and delicate 
organs they assume a diflerent aspect, and acqiiire 
a degree of consistence resembling that of the csel- 
Contatn- lular tissuc. They are generally found to contain 
iDgajaice. ^ '^^\q^ which IS sometimes clear and limpid, and 

sometimes thick and coloured, communicating its 
colour to the tubes. In the Vine this juice ia 
watery ;. but in the Fir-tree it is resinous. 



SECTION III. 



Apertures. 

S^ieciei. It has been seen in the foregoing analysis of the 
elementary or other organs, that the continuity of 
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the membrane composing them is often interrupted 
by the occurrence of a number of apertures or 
openings effected in its &bric, and aflfecting its 
general aspect ; and which may be reduced to the 
two following species : namely, Pores and Craps. 



SUBSECTION I. 

Pores. — Pores are small and minute openings of Deicrip- 
various shapes and dimensions, that seem to be * 
destined to the absorption, transmission, or ex- 
halation of fluids. They are distinguishable into 
the two following sorts : Perceptible Pores, and 
Imperceptible- Pores. 

Article l. Perceptible Pores.— The perceptible Found k 
pores are either external or internal, and are the derm» by 
apertures described by Hedwig as discoverable in ^^^^S* 
the net-work constituting the epidermis ; or by 
Mirbel as perforating the membranes composing 
the cells and tubes, and forming a communication 
between them. Saussure, in his observations on 
the leaves and flowers of plants, says indeed that 
^e could discover no pores in the epidermis. And 
yet it is plain that he describes under the appellation 
of glands what Hedwig describes under the appella- 
tion of porcs^ though they might not use the term 
epidermis in the same extent. But Senebier^ who 
understood by the term the same as Hedwig, says 
he looked for the pores in question in a great variety 
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of plants, and with the assistance of the best mi* 
croscc^s^ but all in vain, not having been able to 
detect them in any one instance.* 

This might be thought to throw a degree of 
doubt upon the accuracy of Hedwig*s observations. 
But M. Decandolle, who has also investigated the 
subject with great care, establishes the iact of the 
existence of the pores in question, in the most sa- 
tisfiEKCtory manner, and introduces much of new 
and additional remark; regarding them as being 
connected with the ultimate ramifications of the 
leaf-stalk, as dispersed throughout the parenchyma, 
and grounding his opinion upon the appearances 
exhibited in the leaves of Crassula punctata^ 
lactea, and Cotyledon. He believes them to be 
organs of insensible perspiration, and observes that 
they are never to be met with on the nerves of the 
leaf, where external hairs, on the contrary, are al* 
ways situated.* He adds, that no pores are to be 
found upon the stalks of any plants, except such 
as are of a soft texture approaching to that of 
leaves; nor upon fleshy fruits, such as Pears, 
Peaches, Gooseberries; nor upon roots; nor upon 
the bulbs of liliaceous plants ; nor upon ^ plants 
really acotyledonous ; nor upon plants that are 
wholly submersed.-f The general accuracy of the 
above statement is farther confirmed by the observa* 

• Phys. Wg. vol. i. p. 456. 

t Journ. dc Phys. tom. iii. p. 130. 
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tjons of M. Mirbel, who regards the pores in (^ms-^ 
tioDy as beiog organs both of transptration and 
absorption. * 

»The doctrine of external and perceptible pores 
therefore, as existing in the epidermis^ may be re- 
garded as perfectly estaUished. And with the help 
of a good microscope they are not very difficult 
of detection, at least in the leaves of herbaceous 
l^ants. I have observed them distincUy in the 
leaves of the following species: Saponaria officii 
nalisy Sagittaria sagittifoliap Nymphaa hitea, 
Glaucium luteum^ Cynoglossum officinale, RumcM 
aeetosa, and Tamus communis ; as also in the leaves 
of the several species or varieties of Brassica and 
Lactuca, cultivated in the gardens, and of the 
Oaky Poplar, and Lilac. 

In most of the above examples they are discO' 
verahle on both surfaces of the leaf, exhibiting the 
oval aperture more or less dilated, as described by 
Hedwig^ together with the communicating ducts. 
But on the upper surface they are fewer and 
smaller than on the under surface; and in the 
leaves of trees they are fewer and smaller on boUi 
surfaces than in the leaves of herbs; and in no 
case have I found them so closely crowded t<^ethc^ 
as rqiresented by Hedwig. The areas are gen^ 
rally oval ; but in Nymphtm lutta they are round, 
and not easily detected. For in the leaves of this 
plant the epidermis is so extremely diiiicult of de- 

• * Trah6 de Pbys. Veg. vol. j. p. 81. 
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twhment, that I obtained it only where it had beea 
left by insects that had eaten up the interior pulp. 
Finally, in the leaves of Lettuce, and in them 
only, I found the areas and pores, contrary to the 
representations of DecandoUe, situated even upon 
the nerves ; a fact that destroys the universality of 
the remark by which they are excluded from tliat 
situation, and may be regarded as affording an ad« 
ditional example of the truth of the maxim, that 
says there is no rule without its exception. 
* The internal and perceptible pores or apertures, 

forming the medium of communication between 

» 

the diflferent cells and tubes, seem to have been 

the discovery of M. Mirbel ; as I do not recollect 

to have seen any account of them previous to that 

which is given in his vegetable anatomy. They are 

And in the found in the porous tubes, as has been already 

[J^'i^Q^ noticed as well as in the dissepiments of the cells, 

**"•* sometimes extremely minute, and at other times 

of considerable diameter, but always bounded by 

a sort of circular lip or ring. In some plants they 

are but fow and scattered ; and in others they are 

numerous and arranged in regular rows, which ex-* 

tend always in a transverse but never in a longitu* 

dinal direction, being meant perhaps merely for 

the lateral transmission of the sap. 

Articls 2. Imperceptible Fores. — The imper- 
ceptible pores are pores that are not distinguishable 
by the eye, assisted even with the best glasses ; but 
which are known to exist by the evidence of ex- 
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periment* In the fine pellicle of pulpy fruits, 
though displaying evidently the most unequivocal 
traces of organization, no pores have as yet been 
discovered. But we must not on tl^at account 
conclude that it is altogether without pores ; or 
rather, we must conclude that it is still furnished 
with impierceptible pores. Because it i& very well Thdr ««. 
known, that the fruits in question do both absorb ferred 
and transpire moisture. But if so, there must of ne- JS^rmfoa 
cessity exist apertures for the passage of the moisture ^^ °^^>** 
absorbed or transpired, and by consequence imper- 
cseptible pores. 

But the diameter of such pores must be extremely 
minute; as is obvious from the circumstance of 
their being altogether invisible even after the ap- 
plicatipn of the highest magnifying powers. Their 
extreme minutjepess has been also thought to be 
farther illustrated from the following fact. If an 
Apple or other pulpy fruit is placed under the re- 
ceiver.of an air pump, and the receiver exhausted, 
the air qpntained in the Apple escapes only by the 
bursting of the epidertx^is. Hence it has been 
thought that the pores are so very mipute as to be 
impermeable even to air.*. But this conclusion is 
perhaps rather too h^sty. The epidermis of the 
Apple may be permeable to air, though not in a 
state of sudden expansion. 

• Mirbel, Phys. Veg. vol. i. p^ 80. 
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StiBgECnOM II. 

Gd^s.— Gaps, wicardihg to M. Mifbel, in trnptyt 

but often r^lar knd kyintttetricil iptaies fortMd in 

the interior dT the plant by means of & pkrtial HSm^ 

rupiibh of this i^efaabrane <^stitUt(hg die tubca w 

hriupi utricles. They teem to be odcftiidDed by the nper- 

^^^. abundance of the nutritive juii^ irhliih tbe vigstit 

2^||™'^are sometimes found Do contain wiftout being aUe 

to elaborate, and by which ^hby a^ ultinntely 

ruptured. They do not occur often, extie^ in 

plants of a soft bnd loose future, kucfa ai ftqintics ; 

though they are sottietinres to be iaet frith 4kr in 

woody' plants aho. 

In their general aspect tbc^ humble longitudi- 



BMtrtcallf ' 

""P^ or pulp, Rs may be seeh in the dfffiirent speaks «f 
Potamogeton, or in the Achis of Ferns. But 4n 
the Equisetuth they assume Ik t''egulsrity of dnpori- 
tion that seems to indicate «6mething more than 
merely the accidental rupture of tfie viessdls.^'^-^^One 
gap larger than the rest occupies the centre ttf the 
stem, around whidi a numbA' of smaller gaps are 
placed in a circular row, which is «gbin encirded 
with a second Ww of gaps larger than Ibe last, atad 
alternating with them, and forming in ihehr i^gtv- 
gate assemblage a sort of symmetrical group. In the 
leaves of herbaceous plants the gaps are often inter* 
rupted by transverse diaphragms formed of a portion 



0^ the eellftlw ^mwi yihfsh ftiU i^i^ps ^tipe, as 

SMy hfi ami in ^^ tfmKpiar^nt ^rudnre c«f (he 
ItftVjei of TVpifta ftn4 xQwy other plwitf. Trjins- 
mfm g9f» )}|^ md tp be pJhwiTthle altp ip (he \mk 
of Moiq^ plfttts, Ifciongh y«7 nieljr.? 



SECTION IV. 

' An the decomposite and composite organs areDiyiuoth 
found to be furnished with several appendages, so 
also are the elementary organs ; for suefi, at leasts 
I shall at present denominate the internd glands 
and pubesc^ioe. 

SUBSfiCItON I. 

Internal Glands'^^ln the description of the ex- As de- 
temal structure of the plants we found that certain Mirbd* ^ 
substanoes which ^afpe^ qn the surface of the 
leayes^ fpot*8talks^ and branches^ have been regarded 
as glands, and distributed into different species ac« 
cording to their form or situation^ Whether they 
really perform the functions of glands or not, is a 
question which is, perhaps, not yet lUitisfBCtorily 
solved. But there are other substanoes situated in 
the interior of the plant, and attached to, or incor- 
porated with, the elementary Organs, which have 

■* Jgitbdfhyt. y^et. vol. i. p. 79. 
2B2 
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been also regarded under the character of glands, 
particularly by M. Mirbel in his V^etable Ana- 
tomy, and which, if we adopt his opinion, we must 
consequently denominate internal glands. Such 
are the small and oblong or circular bodies which 
Saussure describes as adhering to what he calls the 
Thought cortical net-work of the epidermis. And although 
i^ht "^^ they have been regarded and described by Hedwig 
mra!^ as being merely pores, in which light they seem to 
have been r^rded by Grew also ; yet no one will 
venture to affirm that there may not be something 
glandular in their structure, that is, in the lip or 
margin by which they are bounded according to the 
opinion of ^Mirbel, who regards the circular lips or 
rings, bounding the pores that perforate the ceHs or 
tubes, as being glandular bodies contributing to the 
elaboration of the juices of the plant, in their pas- 
sage from one cell or vessel to another. 



SUBSECTION II. 

Internal Pubescence. — Plants are furnished not 
only with appendages which are fitly included un- 
der the appellation of external pubescence ; but the 
elementary and vascular organs of some of them 
are furnished also with analogous appendages which 
I shall accordingly denominate their internal pu« 
First oo- bescencc. The internal pubescence seems to iiave 

ticcd hy - 

LeaweQ- been first noticed by Lieuwenhoeck in his miero- 
Tojirne. scopical observations on the minute vessels of vege- 

fort. 
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tabled^ and afterwards by Toumefort whose descrip- 
tion . of it is more, explicit, whose observations 
it is more . easy to repeat,, and in the repeating of 
which the pubescence in question is easily de- 
tected. The result of my own observations is as 
follows: 

If a thin slice of the transverse section of the And easily 
leaf-stalk, or flower-stalk, of Nymphea lutea is ex* ^ the leaf- 
amined with the naked eye, it will be found toj^yl^^fj^^ 
resemble a piece of fine flowered lace, the interstices 
being in some parts filled up with an intervening 
substance, or narrowed so as to be scarcely percepti- 
ble* The interstices are merely sections of longi- 
tudinal tubes or openings pervading the pulp of the 
leaf-stalk ; and the intervening substances with 
which some of them are occupied are bundles of 
longitudinal fibres, closely crowded together agree- 
able to the general structure of herbaceous plants. 
If the slice is now placed under the microscope, the 
interstices will appear to be hexagonal, and a great 
proportion of them, particularly those that are cen- 
tral, will be seen to send out from i their internal 
surface a number of small and pointed or conical 
substances projecting about half way across the in- 
terstice, and appearing under the microscope like 
little thorns or spines. They are transparent like 
the external hairs or down, and seem also to be pro- 
longations of the Cellular tissue. 

If an additional slice is now taken, the same ap- 
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p^)ckti(k ik iajgain (dbUibiteil^ kM io bft in sitter 
cessidh diroughdut thb trhble of the leaf-iUlk, 
which khoivs that they muA Ik jiretiy dbsiely in- 
serted oil the ihterttkl suHkob df the tubks or 
apeitui^s^ on a thih ahd Ibngilbdinil i^lice of i^bich 
they may also be seen even in their consec^iv^ 
ord^Ft 



BOOK WL 

OF THE PRIMARY PRINCIPLES OF 

VEGETABLES. 



XF tbe pHpciple of a laii4ffale curiosjity and ^rand Their ip* 
natliral sdniujus )to tbe acquisition of human know- T^p^ 
ledge diould iuil to induoe the pby;tol9gist to un- '*^' 
.dentake the itudy of the prijoaaiy and constituent 
'/denowtp of v^ch t^ plant is ultiinately com« 
posedy the nepensity of the case w^l compel him. 
Tot as plants are not merely oi^nized b^in^, but 
beings endowed with a species of life^ absorbing 
nourishment from the soil in which they grow^ and 
assimilating it to their own substance by means of 
the functions and operations of their diflkrent or- 
gansy it is plain that no great progress can be made 
in the explication of the phenomena of vegetable life, 
and no distinct conception formed^ of the ratumak 
of vegetation, without some specific knowledge of 
the principles in question^ and of their mutual ac« 
tion upon one another. The latter requisite pre* 
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supposes a competent acquaintance with the ele- 
ments of chemistry -, and the former points out the 
necessity of a strict and scrupulous analysis of the 
several compound ingredients constituting the &hric 
of the plant, or coataine<f within it. The method 
therefore c^ analysing such compound ingredients 
vith a yiew to the ascertaining of their ultimate 
principles} and of extracting them from the plant 
where they do not spontaneously present themselves, 
together with a brief account of their principal pro- 
perties, as also of their several uses, shall constitute 
the subject of the two following dirisions ; not how- 
ever with a view to teach the very difficult art of 
vegetable analysis, which is the province of the 
practical chemist, but rather to exhibit soch a 
sketch of that analysis and its results as may serve 
to give to the phytological noviCe a glimpse of what 
lie is yet to study more profoundly ; and may be* 
acceptable and useful even to the botanical student 
who has no desire to become a practical analyaist. " 



PART L 



METHODS OF VEGETABLE ANALYSIS. 



jPhE necessity by which mankind depends upon Origin of 
the productions orthe vegetable kingdom for theaQfjy^M.^ 
support and comfort of life was evidently the ori- 
ginal cause of all vegetable analysis. But the 
methods of the first experimenters were often inju- 
dicious from want of scientific views, and the am^ 
lysifi imperfect from want of proper instruments. 
And hence the results of their investigations were 
ofken also contradictory, and the conclusions de- 
duced from them erroneous or absurd. But this if 
not by any means to be wondered at, when it is re- 
collected that the complicated nature of vegetable 
substances, in many of their combinations, bafiles 
even now ^the power of analysis, and can in no case 
be formed by the synthesis of art. 

If the olyect of the experimenter is merely that Object. 
of extracting such compound ingredients as may be 
know4i to exist in the plant, the necessary apparatus 
is simple, and the process easy. But if it is that of 
ascertaining the primary and radical principles of 
which the compound ingredients are themselves 
composed^ the apparatus is then complicated, and 
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the process extremely difficulty requiring much time 
and labour^ and much previous practice in analyti- 
cal research. But whatever oiay be the object of 
analysis^ or particular view of the experimenter, 
the processes which he employs are either mecha* 
nical or chemical. 



CHAPTER I. 



MECHANICAL PROCESSES. 



HrtatL The Mechanical Processes are «uGh as are eflected 
hy the agency of mechanicai powers^ and ave often 
mdced the operation of naturaf causes. For it 
sometimes happens Chat of the ingredients contained 
in a plants part becomes insulated, extricating itself 
from the organ in Mf'hich it was forme4 ^i^d ela- 
borated> and detaching itsctf of its own accord. 
This may be exemplified in the case of such fluids^ 
existing in excess^ as do occasionally burst asunder 
the vessels containing them^ and force their way to 
the exterior of the pliant, where, being now ex- 
posed to the influence and action of %he m, they 
are gradually condensed into a solid mass. And 
hence the origin of gums and other spontaneous 
exadations. 

But the substances thus obtained do not always 
flow sufficiently ^ast * to aatisfy the wants or necessi- 
ties of man. And men have consequently ^ccm* 
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triV^ tb iKCcelertte the bperation^ of Utttiire by 
ittteM bf artificW aid in the application of tlM 
iAMAt br Hk, Wictenitig; dite passages which fht et^ 
tl^<tii^ted fluid hak foh^> or bpisning up a fiew 
6tie. ThiB pltot lA^n now mote freely, tind tlM 
sttbManb^ Wanted isoMaikied in abundattcfe ; whedher 
it ii Wife gutti of tfie CheWy-trete, the fiesin of the 
t*, thte mAnua of the A*, tSife opi«tn of the Pbppy, 
or the rap (^ the Bitdi or Maple. 

But it more frequently happens that the procett ArtHiciaL 
ti!i!iptoyed is Wholly airtiAciltl, Md altoge«ber €iedted 
W^fotit the operat&ota ^ nataral causes. Wiiten 
the juices ate ^tfck^ed in ^^esicles lodged in paitl 
ttiat ai^ isolated^ or may easily be isolated^ ikit 
Vesicles Mny be opMed by ttieians of iwps or 
l^rateHi^ and the juices exprMsed by tihe hamd, W 
hy sotkie d(b€r Vt imAltittiebt. Thus the volatile od 
tnay be 'obtained 'that is lodged -in the rind of the 
licmon or Oedrila. When the ffubtftamoe to be ox* 
trlicted lie^ tndre 'deeply concealed in the plants w 
in parts Which cfeuAiotbe easily dcstached from the 
rest, it may then become ^necessany to pound «r 
bruise the whole or a great part of the plant, and to 
subject it thus modified to the action of a press. 
Thus seeds are sometimes treated to express their 
jessential oils. Anci if 'by the action of bruising 
or pressing heterogeneous ingredients have been 
mixed together, they may generally be separated 
*Wlth eomiderable aeourai^ by ^mearai of deoanta- 
tbn, lyhm^the Mhrtancea ifarid in-suBpention ihMB' 



and liMmkM9y(^^ who wctre Aft«nmed9 fi>ttmrAd 
by Roudile Md Bttequett Urn kmx^^ lof vbom in 
bis diasertotJ0Qi^ and tb^ loiter n bis iotrgdiKAi^^ 
to th^ study of ibe sibbatanees ^^n^ctied fipiP v^g^ 
tftblfiSj giMT^ fi preeisioa to ^e f^rcH^s /tf ^f^^lfi 
wad » distribntipo to tb^ facts nsqeitsi^^i Itbftt 
tended nsost materially to tbe eliicid^ticm oS the 
And ap. subject. Finally, lirom the 9i|^plic9tioii of paeumnlac 
of pneu^ chemistry as introdnGed by Priestley^ entmded hy 
mat^che. ^^ profwfid investigations and impoctAnt ^s- 
eoveries of Lavoisier^ and further nd^f^nced by the 
i^esearcbes of Ingenbontz and Sen^ictr; together 
unth the experiments of Vauqnelin^ Proust^ Pdle- 
tier, Chaptal^ Deyeu;K, Saussui^, m ^Isp of Thomson 
«nd Davy, and lastly of Gay jLqssac and Tbenard ; 
the vegetable analysis has attained to a degg^ 
of perfection surpassing all p^m» ^Jculatjopj 
and beyond which it efumot pei^baps be eprrwd 
very fisir. 
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duced to the following: distillation, combustion, the 
^rtion of water, the action of acids and alkalies, Uie 
action of oils and alcohols, and lastly fermentation. 
They are much more intricate in- their nature than 
the mechanical processes, as well as more difficult 
in their application. Their accuracy, which must at OriginaUy 
all times have depended upon the state of chemical ^"^ ^ ^^ 
knowledge, could not at an early period have been 
very great. And accordingly we find that the prin- 
cipal error of the earlier analysists arose chiefly 
from the defects of their chemical processes; as 
well as from a mistaketi notion, by which they fan- 
cied that all the substances they obtained during the 
analysis had previously existed in the vegetable; 
while the fact was, that many of them were entirely 
the production of the process adopted. But the 
errors into which experimenters were thus unfortu- 
nately led began at length to be suspected ; because 
similar substances were obtained from vegetables 
possessing totally difierent qualities ; which mortify- 
ing fact seems to have repressed for a time the ar- 
dour of experimental inquiry, till at length new 
adventurers arose^ who, by exhibiting new views of 
the subject, and introducing new modes of analysis, 
enlarged the boundaries of science, and converted 
even the disappointments of former analysists to 
their advantage. Boulduc, Herman, and Cartheu- Improved 
ser, may be mentioned among the first of the new troductloa 
and more accurate experimenters in the field of ^^^jj^, 
vegetable analysis, who were succeeded by Beccaria 

3 
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ferent plans. Rouelle founded his arrangement 
upon the manner of analysis, according as the in- 
gredients were obtained by means of firc^ water, 
oils, or alcohol. But this circumstance is of too 
little importance to sanction its application. Bucquet 
founded his arrangement upon the situation of th^ 
several ingredients, as obtained from the root, bark, 
fruit, or seed. But this plan is liable to the same 
objection with the former, as pretenting no com- 
parative view of the properties of the substances ar- 
ranged. To remedy this defect the medical or 
dietetical properties of the ingredients obtained 
were then adopted as the ground of arrangement ; 
which plan, though it has its utility no doubt with 
respect to its application to science, is not itself 
sufficiently scientific. A better method is that by 
which they are arranged according to their chemi- 
cal properties, as consisting of oils, acids, alkalies, 
&c. ; or according to some essential characteristic, 
distinguishing them from one another, and consist- 
ing either in the colour, taste, or odour; or in the 
texture of the parts, as constituting fluids or solids. 
But the best and most philosophical method of all, 
and that which supposes the greatest degree of ad- 
vancement in the science, is that by which they are 
arranged in the order of their formation or deve* 
lopement in the plant itself. This is to follow the 
order of nature ; though it would no doubt requiret 
a greater degree of knowledge in vegetable chemis- 
try, than chemists at present^possess, to render the 
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method perfect. But where perfection is not to be 
attained, it is laudable to have eveti aimed at it. 
Fourcroy, who has doi>e much to elucidate the 
v^tabte analysis by means of chemical inquiry^ 
points out the successive periods of the formation 
and developement of several of the different ingre^ 
dients, which he adopts in part as the basis of his 
arrangement, and thus exhibits an example worthy 
of imitation.* But any method of arrangement 
will suit the purpose of the present work, provided 
that the properties of the products of analysis are 
accurately described. The following is founded 
merely upon the principle of introducing the 
several products in such an order that no important 
reference may be absolutely necessary from any 
article that precedes tf> any article that follows-^ 
Gum, Sugar, Starch, Gluten, Albumen, Fibrina, Ex* 
tract. Tannin, Colouring Matter, Bitter Principle, 
Narcotic Principle, Acids, Oils, Wax, Resins, Gum 
Resins, Balsams, Camphor, Caoutchouc^ Cork, 
Woody Fibre, Sap, Proper Juice, Charcoal, Ashes, 
Alkalies, Earths, Metallic Oxides. 



^85 



SECTION I. 



Gum. 



There is an exudation that issues spontaneously An «• 
from the surface of a variety of plants^ in the state ^^^^ 



* Coonaiss. Chem. vol. viii. p. 125. 
VOL. h 3 C 
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of a clear, viscid, and tastdecs flaid> that gradoally 
hardens upon being expoied to the action (^ the 
atmosphere, and condenses into a solid mass. Thit 
exudation is known by the name cf Qum. It issues 
copiously frMn many fruit-trees, but especially from 
sQch as produce stone-froit, as the Plum and 
Cberry-tree, in which it exudes diiefly from fissures 
in the bark, though it tometimes exudes also even 
from the fruit. From plants, or parts of plants, 
cont^niug it, but not discharging it by spontaneous 
exudation, it may be t^tained by the process of 
maceration in water. It has been found by che- 
mists to consist of several varieties known by the 
names of Gum Arabic, Gum Tragacanth, Cherry- 
tree Gum, and Mucilage. 
Gnrom- Gum Arabic, which is the most plentiful of aU 
the gums, is the produce of the Mimosa mioticn, a 
native of the interior of Africa and of Arabia— whence 
its name. In its concrete state, in which it generally 
assumes the shape of irregular globules, it ia con- 
siderably hard as wall as somewhat brittle ; and it 
destitute both of smell and ta»te. When pure it is 
colourless and transparent, though sometimes it is 
' tinged with yellow, varying in its specific gravity 
from 1300 to UQO.* 

It is insoluble in alcohol ; but is readily soluble 
in water ; and if the solution is exposed to the ac- 
tion of the atmosphere, the water is gradually 
«nporatcd, and the gum again lefr in a solid massi 
• Davy's Agric. Chem. Lect. ii:. 
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According to the analytis at Gay Lusaao aod! Radical 
Thcnard^ it eonsistd of the following elements, in 
the following proportions, 100 parts being the 
integer : 

Carbon 4!2*23 

Oxygene .' , . . • . 50*84 

Hydrogene 6'93 

Saline and earthy matterj a small quantity 



^m 



Total 100-* 

Gum TVagacanth is the produce of the Aitraga* Gum ti^ 
1u9 Tragaoanthaf a thorny sbmb that grows in the ^*^^ 
islands ef the Levant, from the st^m and branches 
of which there exudes spontaneously • gum rsseoi- 
bling gum arable in its essential properties, but dif- 
fering from it in the shape assumed by the concrete 
mass, which is generally that of thin and twisted 
or channelled plates. It is also less transparent than 
gum arabic, and not so easily dissolved in water. 

Cherry-tree Gum is obtatned from the Prunus cheny- 
avium and other species of the same genus, and in ^^ ^"°^ 
general from all trees with stone<>fruit, from which it 
ocudes spontaneoQsly and in great abundance. It dif<» 
fers from gum arabic and tragacanth in its coneret* 
ing in laa^r masses, and being more easily melted. 

Mucilage is fomkd chiefly in the roots and leaves ^aciiagi. 
of plants, particnkrly such as are bulbous and suc^ 
enle&t^the bulbs of the Hyacinth and leaves of th4 

• Tr4il4 4« Cbiraie Eioi^nuifd* 
2C2 



( 
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Manhmallow. It is found also in Flax-seed, and 
in many of the Lichens^ and is to be obtained only 
by maceration in water, from which it is .separated 
by means of solphuric acid. 
19ms. Gom, in all its varieties^ is capable of being used 

as an article of food, and \& highly nutritive though 
not very palatable. It is also of considerable utility 
in the arts, particularly in calico-printing, in which 
the printer employs it to give consistency to his 
colours, and to prevent them from spreading. The 
botanist often uses it to fir his specimens upon 
paper, for which purpose it is veiy well adapted. It 
forms likewise an ing^redient in ink ; and in medi-^ 
cine it forms the basis of many mixtures, in which 
its influence is sedative and emollient. 



SECTION IL 

Sugar. 

Thx commodity known by the name of sugar, 
and so much used as an article of food, is the pro- 
duce of the Arundo saccharifera or Sugar-cane, a 
native both of the East and West Indies. The 
Aocen of process of manufacture is as follows : The canes, 
tare or stems of the plant, when ripe, are bruised be- 
tween the rollers of a mill, and the expressed Juice 
is collected and put into large boilers, in which it is 
milled with a small quantity of quick-lime, or strong. 

ley of ashes, Ur neutralise its acid, and is then made 

5 
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to boil. The scum which ^thers oa the top during 
the process of boiling is carefully cleared away; 
and when the juice has been boiled down to the 
consistence of a sirup, it is drawn off and allowed 
to cool in vessels which are placed above a cistern, 
and perforated with small holes, through which the 
impure and liquid '7)art, known by the name of 
molasses, escapes ; while the remaining part is con- Molasses. 
verted into a mass of small and hard granules of a 
brownish or whitish colour known by the designa- 
tion of raw sugar, which when imported into Raw 
EuEope is further purified by an additional process, * ^^* 
and converted by filtration or crystallization into 
what is called loaf sugar, or refined sugar, or candied 
sugar. 

Sugar thus obtained has a sweet and luscious 
taste, but is without smell. When pure its colour 
is white; and when crystallized it is somewhat 
transparent. It is not altered by exposure to the 
atmosphere, but it absorbs a degree of humidity if 
the air is moists It is exceedingly soluble in water, 
and particularly in boiling water, which will dis- 
solve a quantity of sugar that is even more than its 
own weight. It is soluble also in alcohol and in 
the acids, which are likewise capable of decomposing 
it when concentrated. According to Dr. Thomson its 
specific caloric is 1*086, its specific gravity 1*4045 ; 
and its constituent elements are oxygene, carbon^ Radical 
and hydrogene, in the following proportions: emenia. 
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Oxygene % 64*7 

Carbon 27*5 

Hydrogcne 7*8 



Total lOO'* 

F^nti But although the Sugar*cane is here specified as 

sugar!"'** tb^ plant from which sugar is obtained^ it is by no 
means the only plant from which it may be ob- 
tained. The juice of the Ac^ saccharinum^ or 
American Maple, yields it in such considerable 
abundance as to make it an object with the North 
, American farmer, to manufacture it for his own use. 
A hole is bored in the trunk of the vegetating tree 
early in the spring, for the purpose of extracting 
the sap ; of which a tree of ordinary size, that \s, of 
from two to three feet in diameter will yield froasi 
one hundred and fifty to two hundred pints and up- 
wards in a good season. The sap, when thus obtain- 
ed and neutralized by lime, deposits by evapora^ 
tion crystals of sugar in the proportion of about a 
pound of sugar to forty pints of sap.-f? It 19 not 
materially diflferent in its properties from that of the 

Sugar-cane. 

The juice of the Grape, when ripe, yields also a 
sugar by the evaporation and the action of pot-ashes, 
which is ^nown by the appellation of the Sugar of 
Grapes, and has been lately employed in France as 

• System of Chcm. vol. iv. + Amer. Trans, val. iii. 
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a substitute for colonial sugar, though it is not so 
sweet or agreeable to the taste. 

The root of Beta vulgaris, or common Beet^ 
yields also, by boiling and evaporation, a sugar 
which is distinguished by a peculiar and slightly 
bitter taste, owing perl^aps to the preseqce of a bitter 
extractive matter which ha3 been found to be one of 
the constituents of the Beet. 

Sugar has been extracted from the following v^«« 
tables also, or froin thqir productions :~-From th^ 
sap of the Birch^ Sycamore, Bamboo, Maize^ Par&r 
nep, Cow-parsnep, American Aloe, Dulse, Walnut-* 
tree, and Cocoa-nut-tree ; from the fruit of the com* 
mpn ArbutuSj and other sweet tasted fruits ; from 
the roots of the Turnip, Carrot, and Parsley ; from 
the flower of the Euxine Rhododendron ; and from 
the nectary of most other flowers. 

The utility of sugar as an aliment is well known ; Uses. ' 
and it is as much relished by many animals^ as by 
man. By bees it is sipped from tlie flowers qf 
plants under the modification of nectar, and con* 
verted into honey ; and also seems to be relished by 
many insects even in its concrete state ; as it is also 
by many birds, ^y man it is now regarded as being 
altogether an indispensable^ and though used chiefly 
to give a. relish or seasoning to food, is itself b^hly 
njutritive. It is also of much utility in medicii^e, 
and celebrated for its anodyne and anti^ptic quali- 
ties^ as well as thought to be peculiarly eflicacious 
in preventing diseases by worms. 
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SECTION III. 



Starch. 



Prepar*- If a (juantitj of wheaten flour is made into a paste 
• with water, and kneaded and washed under the ac- 
tion of a jet till the water runs off colourless, part 
of it will be found to have been taken up and to be 
still held in suspension by the water, which will by 
and by deposit a sediment that may be separated by 
decantation. This sediment is starch, which may 
be obtained also immediately from the grain itself 
by means of a process well known to the manufiic- 
turer, who renders it finally fit jfor the market by 
washing and edulcorating it with water, and after- 
wards drying it by a moderate heat. 

Ifropcrties. Starch in this state is a fine and white powder 
widiout any jmlpable taste or smell, of which the 
particles often adhere in considerable masses, but 
are easily divisible by the touch. If thrown upon 
water it swimB for a time upon the surface, and 
seems to resist its moistening power^ but mixes with 
it at last, and forms, with cold water, a kind of 
emulsion, and with boiling water, a thick paste. 

When thrown upon red hot iron it bums with a 
kind of explosion, and leaves scarcely any residuum 
behind. It has been found by the analysis of 

Compoei- Messfs. Qay Lussac and Thenard, to be composed 
of carbon, Qxygene, and bydrogene, in the foUowine 
proportion: • 



L^v*f - * 
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Carbon. 43*55 

Oxygene 49'68 

Hydrogene 0*77 



Total lOO- 

This result is not very widely diiTerent from that 
of the analysis of sugar, into which, it seems, starch 
nay be converted by diminishing the proportion of 
its carbon, and increasing that of its oxygene and 
hydrogene. This chan^ is exemplified in the case 
of the malting of Barley, which contains a great 
proportion of Starch, and which absorbs during the 
process a quantity of oxygene, and evolves a quantity 
of carbonic acid-— and accordingly part of it is con- 
verted into sugar. 

Perhaps it is exemplified also in the case c^ the 
freezing of Potatoes, which acquire in consequence 
a sweet and sugary taste, and are known to contain 
a great deal of starch, which may be obtained as 
follows: Let the Potatoes be taken and grated 
down to a pulp, and the pulp placed upon a fine sieve, 
and water made to pass through it ; the water will 
be found to have carried off with it an infinite num- 
ber of particles which it will afterwards deposit in 
the form of a fine powder separable by decantation^ 
which powder is starch possessing all tlie essentia! 
properties of wheaten-starch. 

It may be obtained from the pith of several Sago, 
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Salop. 



species of Palms growing in tlie Moluccas and 
several other East Indian islands, by the following 
process. The stem, being first cut into pieces of 
five or six feet in length, is split longitudinally so as 
to expose the pith, which is now taken out and 
pounded, and mixed with cold water, which after 
being well stirred up* deposits at length a sedi- 
ment that is separated by decantation, and is « the 
starch which th^ pith contained, or the sago of the 
shops. 

Salop is also a species of statch that is prepared, 
in the countries of the East, from the root of the 
Orchis Morio, mascula^ bifolia, and pyramidalU* 

Cassava." So also is Cassava, which is prepared from the root 
of Jatropha Manihot, a native of America, the ex* 
pressed juice of which is a deadly, poison used by 
the Indians to poison their arrows ; but the sedi- 
ment which it deposits is a starch that is manufac- 
tured into bread retaining nothing of the deleteri- 

Sowans. ons property of the juice; and so also is Sowans, 
which is prepared from the husk of Oats as obtained 
in the process of grinding, and much used among 
the peasantry of Scotland as an article of food. 

Liit of The following is a list of plants from the rools of 

containing which, according to Parmentier, starch may be ex- 

*** tracted. 



Arctium LappUy 
Atrbpa Belladonna^ 



Polygonum Bistorta^ 
Bryonia alba, 
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Colchicum autumale^ Rumex ohtusifoliusy 
Spircea Filipendula,  acutus, 

Ranunculus bulbosuSj -^ aqtuxticus, 

Scrophularia nodosa^ Arum tnaculatumj 

Sambucus EbuluSj Iris Pseudacorus, 

-— ~~-^ nigrUf -~- /(ttidisfinta, 

Orchis Morio^ Orobus tuberosus, 

I  mascula, Bunium Bulb^casta** 

Jmperatoria Ostruthium, netntn. 
Sfyoseyamus niger. 

It is found also in the foliowiiig seeds : 



Wheat, 


Maize, 


Peas, 


Barley, 


Millet-seed, 


Beans, 


Oats, 


Chcsnut, 


Acorns^ 


Rice, 


Horse-chesnut, 





Stard), which is an extremely nutritive sub-Utct. 
stance, forms one of the principal ingredients in 
almost all articles of vegetable food used, whether 
by man or the inferior animals. The latter feed 
upon it in the state in which nature presents It : 
but roan prepares and purifies it so as to render it 
pleasing to his taste, and uses it under the various 
modifications of bread, pastry, or confectionary. 
Its utility is also considerable in medicine, and 
in the arts; in the preparation of anodyne and 
strengthening medicaments, and in the composi- 
tion of cements ; in the clearing and stiffening of 
linen ; and in the manufacture of hair-powder. 
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SECTION IV. 



Gluten. 



How pro- Gluten is that part of the paste formed from 
^" * the flour of wheats that remains unafiected by the 
water after all the starch contained in it has been 
Pkoper- * washed off. It is a tough and elastic substance^ of 
a dull white colour^ without taste^ but of a very 
peculiar smell, it is soluble in the acids and al- 
kalies^ but insoluble in water and in alcohol. 

When ex;posed to the action of the air it gra- 
dually dries and hardens^ and assumes a dark 
brown colour with a slight degree of transparency^ 
resembling glue, except that it is brittle, and breaks 
like glass. When kept for some time in a place 
that is moist it undeiKoes a species of fermentation, 
in which it swells and emits air bubbles consisting 
of hydrogene and carbonic acid gas. When ex- 
posed in a dry state to heat it cracks, swells, and 
melts, and exhales a fetid odour, burning like horn 
or feathers. When distilled it jrields ammonia, 
and an empyreumatic oil, and leaves a charcoal 
that is with difficulty reduced to ashes. 

The above properties of vegetable gluten indicate 
its relation to animal gluten, particularly the phe- 
nomena of its fermentation and destructive distill- 
ation, by which it is found to contain, as one of its 
constituent principles, a portion of nitrogene. 
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Gluten has been detected^ under one modifica* 
tion or other, in a very considerable number of 
vegetables or vegetable substances, as welt as in 
the flour of wheat. Rouelle^ the younger, showed 
that it exists in . the green fecula of plants ; and 
Proust found it in the following grains and fruits : 
Peas, Beans, Barley, Rye, Acorns, Chesnuts, Horse- 
Chesnuts, Apples, Quinces, Elder-berries, Grapes. 
He found it also in the leaves of Rue, Cabbi^, ' 
Cresses, Hemlock, Borage, and Saflfron, and in the 
petals of the rose. 

It is unquestionably one of the most important Uwt* 
of all vegetable substances, as being the principle 
that renders the flour of wheat so fit for forming 
bread, by its occasioning the panary fermentation, 
and making the bread light and porous. It is used 
also as a cement, and capable of being used as a 
ibh, and a ground for paint. 



SECTION V. 



Albumen. 



Albumin, which is a thick, glary, and tasteless Ptpved to 
fluid resembling the white of an unboiled egg, is geubles. 
a substance that has been but lately proved to exist 
in the vegetable kingdom. Its existence was first 
announced by Fourcroy, and finally demonstrated 
by the experiments of Vauquelin on the dried juice 
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of the FlEipaW'tree, a plant mdigenous to lodia and 
tbe life of France. 
ph)perti€i. A specimen of this juice^ Which cfien exade^ 
frooi the tree in a viscid and milky state^ traa 
brought to Paris fay Charpentier, after being eva-- 
porated to dryness, and presented to Vanquelin. It 
was somewhat yellowish and semi-transparent; and 
its taste was sweetish ;. but it had no smell. Wbea 
it was subjected to maceration in cold water, tbe 
greater part of it was dissolved. The solution 
frothed with soap^ and was coagulated and rendered 
white by the addition of nitric acid. When boiled 
it precipitated white flakes, which were coagulated 
albumen possessing all the properties by which it 
i« dfstingnished in animals, disengi^ng ammonia 
by burning, and yielding at tbe same time carbonic 
acid and water. And hence its relation to animal 
gluten is established, and the elements of its com- 
Gompoti- position ascertained ; which, according to the ana- 
tion. ]y^-^ ^f Messrs. Gay Lussac and Thenard, are 
carbon, oxygene, hydrogene, and nitrogene, in the 
following proportions : 

Carbon .^ ....... 62'883 

Oxygene . .  • 2a-»72 

Hydrogene 7*S40 

Nitrogene • 1570» 



.• 



Totol 100- 
Albumen has not bMo found in sach abundtncc 



StCT. Yi. flBUlNA. Sg§ 

in any other plant, as in the plant above specified.^ 
But it has bean found to exist in Mushrooms and 
some other of the Fungi. And the juice of the 
fruit of Hibiscm escukntus^ a West Indian plant, 
is said to contain such a proportion of it as to render 
it fit to be employed as a substitute for the white Uies. 
of eggs, in clarifying the juice of the Sugar-cane. 
Almonds also^ and other kernels from which emul* 
sions are made, have been found to contain a sub- 
stance possessing the properties of curd^ which 
resembles albumen very closely. 



SECTION VI, 



Fibrina. 



Fr0m the blood and muscles of animals chemists Propertitt. 
extract a peculiar substance which they denominate 
Fibrina. This substance constitutes the fibrous part, 
of the ^ muscles^ and resembles gluten in its ap>- 
pearance and elasticity ; its taste is insipid. It is 
insoluble in water, but soluble in acids and per- 
haps in alkalies. With nitric acid it yields much 
of nitrogene; and by distillation it yields carbonattt 
of ammonia and oil. 

But a substance possessing the same propertiea Found in 
has been detected by Vauquelin in the juice of the ^^^^ **' 
Papaw-tree. Wiien the inspissated juice of the 
Papaw-tree was subjected to maceration in water, . 
the greater port of it v/as dissolved. But there re** 
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mailied a portion that was insoluble^ It had a 
greasy appearance^ and became soft and viscid tipon 
exposure to air, assuming a brown colour with a 
slight d^ree of transparency. When thrown upon 
ignited charcoal it meltedj exuding drops of grease^ 
accompanied with a noise like that of meat roast* 
ing^ and producing smoke which had the odour of 
volatilized fat. It left no residuum^ This sub- 
stance was vegetable fibrina possessing the proper- 
ties of the fibrina. of animals. 
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Esiract. 



Howob- When vegetable substances are macerated in 
water a considerable portion of them is diss9]v0d ; 
and if the water is again evaporated, the substance 
held in solution may be obtained in a separate 
state. This substance is denominated Extract- 
But it is evident that extract thus obtained will 
not be precisely the same principle in every di& 
ferent plant ; but will vary in its character accord- 
ing to the species producing it, or the soil in which 
the plant has grown; or some other accidental cause. 
It was necessary therefore, for the purposes of che* 
mical accuracy, to endeavour to ascertain whether 
or not there existed in extracts any peculiar ai^ 
definite principle, independent of such accidental 
ingredients as have been now alluded to ; and which 
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might itself be regarded as the true extractive 
principle. • • 

With this object in view^ Vauquelin commenced 
a series of experiments chiefly upon the sap and 
expressed juices of plants^ during the process of 
which he remarked that they always began to ac* 
quire a darker shade of colour from* the moment 
they were exposed to the air ; and that during their 
evaporation a brown or reddish pellicle was formed 
on the surface^ which afterwards broke into flakes 
and remained insoluble. Similar phenomena were 
found to take place in pharmaceutical extracts, and 
the longer the evaporation was continued, the more 
of the insoluble flakes were formed. This was ac^ 
cordingly regarded as a detection of the true ex- 
tractive principle, and the formation of the pellicle 
and flakes was found to be the result of its absorp- 
tion of a portion of the oxygene of the atmos- 
phere, to which it was thus found to have a strong 
aflinity. 

Its distinguishing properties are the following^ 
It is soluble in water as it is obtained from the 
vegetable, but becomes afterwards insoluble in con-^ 
sequence of the absorption of oxygene from the at-^ 
mosphere. It is soluble in alcohol ; and it unites 
ivith alkalies, and forms compounds which are so-^ 
luble in water. When distilled it yields an- acid 
fluid impregnated with ammonia, and seems to be 
composed principally of hydrogene, oxygene, car- 
bon, and a little nitrogene. 

VOL. I. 2D 
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Vuietics. Extract, or the extmctive ptiticipley is found in 
a greater or less proportion in almost all plants 
whatever, and is very generally an ingredient of 
the sap and bark, particulaHy in barks of an as- 
tringent taste. But still it is not exactly the same 
in all individual plants^ evei^ when separated as 
much as possible from extraneous snbstancesr It 
may therefore be rc^rded as constituting several 
diflerent species, of which the following are tbe 
most remarkable. 

Extract of Catechu. — ^This extract is obtained 
from an infusion of the wood or powder of catechu 
in cold water. Its colour is a pde brown ; and its 
taste slightly astringent. It is precipitated from its 
solution by nitrate of lead, and yields by distUki^ 
tion carbonic and carburetled hydrogene gas, leav^ 
ing a porous charcoal. 

Extract of Senna. — ^This extract is obteiiied 
from an infusion of the dried leaves of Casria 
Senna in alcohol. The colour of the infusion is 
brownish, the taste slightly bitter, and the saiell 
aromatic. It is precipitated from its solution by 
the muriatic and oxymuriatic acids, and when 
thrown on burning coats consumes with a thick 
smoke and aromatic odour, leaving behind a spongy 
charcoal. 

Extract of Quinquina. — ^This extract was ob« 
tained by Fourcroy, by evaporating a decoction of 
the bark of the Quinquina of St. Domingo in 
water, and again dissolving it in alcohol, which 
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AsaHy deposited by eraponition the peculiar et- 
tmetive. It is intoloble in oi^kl water; bllt yerf 
•eloble in boiling water ; its ookmr is brown, and 
its taste bitter. It is preeipitftted from its sohitidl 
by lime water, in the form of a red powder ; aord 
wbtttdry it is black and brittle, breaking with a 
poUsb^ finctitfe« 

Estraci of £kfron.*^Vh\B extract is <^fained 
in great absndanoe from the summits of the pistils 
of CrocUs satwuiy which are almost wholly soluUe 
in water. 

Ettracts w^Ve formerly much employed in me* Uiea. 
sKcilie ; thoogli their etRcmy seems to have been 
aver-raited. But a ciroumstence of much more im« 
portance to society is that of their utility in the 
art of dyeing. By fer the fpreater part of colours 
used in <fyeing are obtained from vegetable ^ctmets, 
wlHCb hmve a strong affnity for the fibres df cotton 
or Ihien, Wttii i^hi^ they eMer into a combination 
that is tendered still stronger by the interveatioil 
of mordairts. 

SgJCTWV VUh 
Colouring Matter. 

The beauty and variiety of the colouring of ve- 
getables has always been the subject of the admi- 
ration of mankinds What is the cause of that 
beakity and variety ? Chemists have ascribed it to 
tfie modifications of a peculiar substance which 

2 D !» 



subttanoe. 
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they denominkte the oolourii^ prihGiple^ and which 
they have accordingly endeavoured to isolate and 
extract ; first by means of maceration or boiling in 
water^ and then by precipitating it from its 
solution. 

tVopertiet. The chemical properties of colouring matter 
seem to be, as yet, but imperfectly known^ though 
they have been considerably elucidated by the in- 
vestigations of Bertholet, Cbaptal, and others. Its 
affinities to ozygene, alkalies^ earths, metallic oxides^ 
and cloths fabricated whether of animal or v^e^ 
table substances, such as wool or flax, seem to be 
among its most striking characteristics. But ifii 
affinity to animal substances is stronger than its 
affinity to vegetable substances; and hence wool 
and silk assume a deeper dye, and retain it longer^ 
than cotton or linen. Colouring matter exhibits a 
great variety of difierent tints as it occurs in dif- 
ferent species of plants ; and as it combines with 
oxygene^ which it absorbs from the atmosphere^ it 
assumes a deeper shade. But it loses at the same 
time a portion of its hydrogene, and becomes inso- 
luble in water ; and thus it indicates its relation to 
extract. 

Species. Such are the general properties of colouring 
matter. But chemists have; also instituted specific 
diiTcrences. Bucquet instituted a distinction by 
which colours were divided into the extinctive or 
soapy, the earthy, the resinous, and the oily ; and 
Fourcroy reduced them also to the four following 
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sorts: extractive colours, oxygenated c&lours, car- 
bonated colours, and hydrogenated colours: the 
first being soluble in water and requiring the aid of 
salfne or metallic mordants, to fix them upon cloth ; 
the second being insoluble in water, as altered by 
the absorption of oxygene, and requiring no mordant 
to fix them upon cloth; the third containing in 
their composition a great proportion of carbon, but 
soluble in alkalies; and the fourth , containing a 
great proportion of resin, but soluble in oils and 
alcohol.* 

The foregoing views of the subject ai«, no doubt^ 
useful to the chemist. But. the simplest mode 
of arrangement, which shall accordingly be here 
adopted, is that by which the difierent species of 
colouring matter are classed according to their 
efiect in the art of dyeing. Now the principal and 
fundamental colours in the art of dyeing are the 
blue, the red, the yellow, and the brown. 

The finest of all vegetable blues is that which Bloc ot 
is known by the name of. Indigo. It is the pro, *°^**^' 
duce of the Indigofera tinctoria of Linnaeus, a 
shrub which is cultivated, for the sake of the dye 
it afibrds, in Mexico and the West Indies. The 
plant reaches maturity in about six months, when 
its leaves are gathered and immersed in vessels filled 
with water till fermentation takes place. The water 
then becomes opaque and green, exhaling an odour 
like that of volatile alkali, and evolving bubbles 

* Connais. d^ Qiem, voL Tiiif p. 67. 
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of carbonic adid gas. When the fernaenUtion has 
been continued long enough, the liquid is decanted 
and put into other vessels where it is agitated till 
blue flakes begin to appear.. Water is now poured 
hi^ and the flakes are precipitated in the form of a 
bhie powdery sediment^ which is obtained by de« 
cantation ; and which, after being made up into 
smill lumps and dried in the shade^ is the Indigo of 
Ibe shops. 

It is insoluble ta water,' though slightly sohiUe 
in alcohol. But its true solvent is sulphurio aotd^ 
with which it forms a fine blue dye^ known by the 
name of liquid blue. It aflbrdi by distillation car« 
bonic acid gas, water^ ammonia, some oily and acid 
matter, and mudi charcoal; ii^bence its conati* 
tuent principles are most probably carbon, hy« 
dn^ene, oxygene, and nitrogene. 

Indigo may be procured also from several other 
plants besides Indigoferu tinctariaj and partieu* 
larly from Isatis tinctoria or Woad, a plant indi- 
genous 1K> Britain, and thought to be thp plant with 
the juice of which the ancient Britons stained their 
naked bodies to make them look terrible to their 
enemies. If this plant is digested in alcohol, and 
tiie solution evaporated, white crystalline graias, 
mnewhat resembling starch, will be left b^ind ; 
whach grains, are Indigo, becoming gradually blue 
by the actkm of the atmosphere. The bkie oolour 
of Indigo therefore is owing to its combination with 
oxygen. 
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The principal red colours ai*e such as are found to Red. 
exist in the root, stem, or flower, of the five follow* 
ing plants : 1 st, From the roots and stems of Ruhia 
tinctorum dried, bruised, and sifted, a powder is 
obtained that is soluble in aleohol, and partly 
toluble in water, and dyes cloth, by means of 
proper mordants, either violet or red. Its red is 
very heantiful, and it possesses also the aingnlaf 
property of dyeing the bones of animals of a* red 
colour when niixed with their food.* 2dly, From 
Lichen Rocctlla and parellusy dried and reduced 
to a powder, and then macerated in water, a red 
precipitate is obtained by muriate of tin that forms 
a beautiful but perishable dye. But when it is ap- 
plied to marble it stains it of a beautifiil vi<det that 
is permanent for years. 3diy, From the flowers of 
the Cartkamus tinciorius when treated with aI-« 
kalies, a red colouring matter is extracted, which is 
preoipitaied by means of acids, and from which 
the rouge used by ladies is said to be manufactured, 
by mixing it with the powder of talc. 4thly, From 
Casalpinia crista^ generally known by the name 
of Brazil wood, a colouring matter is also obtained 
that dyes stufls red that have been, first impregnated 
with alum, and forms lakes that are employed in 
painting on paper. 5thly, From HamaicTylon cam^ 
pechianum^ or wood of Campechy, a red colouring 
matter is obtained resembling that of Brazil wood^ 

^ Du Hamely Pbys. des Arb. liv. v. chap. ti. 
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> 

except that its shade is somewhat deeper and 
more permanent. It is much employed in dyeing 

silks. 

VellowA Yellow, which is a colour of very frequefat oc» 
curreqce among vegetables, and the most perma-* 
nent among flowers, is extracted, for the purpose of 
dyeings from a variety of plants. 1st, It is extracted 
from the Reseda luteola of Linnaeus, by the de- 
coction of its dried stems. The colouring matter is 
precipitated by means of alum, and is much used 
in dyeing wool, silk, and cotton. 2dly, It is ob- 
tained from the Moms tinctorial a native of the 
West India Islands, by means also of decoction. 
The decoction dyes cloth yellow without the in- 
tervention of any mordant, and throws down a 
yellow precipitate if mixed with acids. 3dly, It it 
obtained from the Bisa orellana, a tree that growa 
in South America, and produces fruit twice in the 
year. The seeds are bruised and Icneaded with 
a little oil into a paste known by the name of 
rocou ; from the decoction of which in . water, or 
solution in alkalies, it is precipitated by alum, with 
which it forms a yellow lake. 4thly, It is obtained 
by similar processes from the following plants 
also : Serratuia tinctoria. Genesta tinctorial Rhus 
Cotinus, Rhamnus infeciorius, and Quercitron^ the 
bark of which last afibrds a rich and permanent; 
yellow, that is at present much in use. 

Brown. The colouring matter of vegetables that gives a 
brown dye to cloths is very abundant, particularly 
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4n astringent plants. It is obtained from the root 
of the Walnut-tree^ and rind of the Walnut ; as 
also from the Sumac and Elder^ but chiefly from 
Nut-galls; which are excrescences formed upon 
the leaves of a. species of Quercus indigenous to 
the South of Europe, in consequence of the punc* 
ture of insects. The best in quality are brought 
from the Levant. They are sharp and bitter to 
the taste, and extreniely astringent ; and soluble in 
water by decoction when ground or grated to a 
powder. The decoction strikes, with the solution 
of iron^ a deep black that forms the basis of ink^ 
and of most dark colours used in dyeing cloths* 



SECTION IX, 
Tannin. 

If a quantity of pounded Nut-galls, or bruised How ob- 
seeds of the Grape, is taken and dissolved in cold ^°*^ 
water, and the solution evaporated to dryness, 
there will be left behind a brittle and yellowish 
substance of a highly astringent taste, which sub- 
stance is tannin, or the tanning principle. 

It is soluble both in water and alcohol, but in- Property 
soluble in ether. With the salts of iron it strikes 
a black. And when a solution of gelatine is mixed 
with an aqueous solution of tannin, the tannin and 
gelatine fall down in combination, and form an in- 
soluble precipitate. 
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When taniiih i$ subjected to the proeess ^ dis- 
tillation it yields charooaU carbonic aeid^ and iu* 
flammable ga^ea^ with a minute quantity of volatile 
alkali, aod seems accordingly to consist of the same 
elements with e^teact^ from which> however, it is 
distinguished by the peculiar property of its action 
upon gelatine* 
Varieties. Cfacmists have enumerated several obvious va^ 
rieties or species of tannin, which seem to be 
founded chiefly on the peculiar colour of their pre^ 
cipitate by gelatine. The first and purest species 
ill, that which is obtained from the seeds of the 
Grape.!**" It forms a white precipitate with the 
solution of isinglass ; and is approximated in its 
qualities by the tannin of Nut-galls^ which is re- 
garded, however, as constituting a second species. 
The tannin of Catechu is a third species. Its pre- 
cipitate by gelatine is distinguished by a tint of 
brown. A fourth species is obtained frooi JPHfrth- 
carpus Draco^ Dracana Dracoj and. Caloffms 
Dracoy generally denominated DragwiS'bhod^ A 
fifth species is obtained from Rhus coriaria or $umaCj 
by drying and grinding the shoots of the plant to a 
powder. Its precipitate by gelatine remans in tb« 
\ state of z white magma, or sediment without con* 

^istence« A sixth species is obtained from the 
wood of the Morus tinctoria, by meaiys of ;9iace-' 
ration in water or in alcohol. It is jjNreciptated 

* Davy's Elcro. of Agri. Chj^^P* 78. 
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even by a lolation of common salt. A seventh is 
obtained from the common Kino of the shops, 
which h an wtract from the Cocoloba urifera. Its 
solution throws down gelatine of a rose colour, and 
forms with salt of iron a deep green precipitate. 

Tfmnin may be obtained from a great variety <^ Plants 
o&er vc|(etables also, as well as those already enn* 5^'^'^°^ 
merated, but chiefly from their hark ; and of barks, 
chiefly from those that are astringent to the tastCb 
The following table exhibits a general view of the 
relative value of different species of barks, as ascer- 
tained by Sir Humphry Davy.* It gives the 
average obtained from 480 lb. of the entire bark 
of a middle-sized tree of the several different spe* 
<>ie8, taken in the springs when the quantity of 
tannin is the largest. 

lb. lb. 

Oak , <?9 Sycamore U 

Spaaifth Cheshut. 21 Lombardy Poplar. ........ 15 

Leicester Willow (large). ... 33 Birch , . . . 8* 

Elm 13 Hazel .14 

Common Willow (large). .. • . 11 Black Thorn l6 

Ash l6 Coppice Oak 32 

Beech 10 Inner rind of Oak bark. ... 72 

Horse Chesuut 9 Oak cut in autumn. ....... 21 

K 

Tannin, which is regarded by chemists as being Uan. 
the general principle of astringency, has been 
found to be of the very first utility in its applica- 
tion to medicine. The medical virtues of Peruvian 

• Eicm, of Agri. Chem. p. ig. 
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Bark, so celebrated as a febrifuge and antiseptic^ 
are supposed to depend upon the quantity and qua- 
lity of its tannin. But it is also of special utiliQr 
in its application to tbe arts, in consequence of its 
peculiar property of forming an insoluble compound 
with gelatine, by means of which the hides of animals 
areoonvertedinto leather, and on which the important 
art of tanning wholly depends. The bark of the 
Oak-tree, which contains tannin in great abundance^ 
is that which is most generally used by the tanner. 
The hides to be tanned are* prepared for the process 
by steeping them in lime-water, and scraping off 
the hair and cuticle. They are then soaked first in 
weaker infusions, and aftterwards in stronger infu- 
sions of the bark, till at last they are completely 
impregnated. This process requires a period of 
from ten to eighteen months, if the hides are 
thick ; and four or five pounds of bark are neces- 
sary on an average^ to form one pound of leather* 



SECTION X. 

Bitter Principle. 

A peculiar The tastc of many vegetables, such as those 
taoce. gijgpiQygj jij medicine, is extremely bitter. The 

Quassia of the shops, the roots of common Gentian, 
the bark and wood of common Broom, the calyx 
and floral leaves of the Hop, and the leaves and 
flowers of Chamomile^ may be quoted as examples. 

6 
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This bitter taste has been thought to be owing 
to the presence of a pecaliar substance^ different 
from every other vegetable substance, and has 
been distinguished by the name of the Bitter 
Principle. 

' When water has been digested for some time Rropcctict. 
over Quassia, its colour becomes yellow, and its 
taste intensely bitter; and if it is evaporated to 
dryness, it leaves behind a substance of a brownish 
yellow, with a slight degree of transparency, that 
continues for a time ductile, but becomes after* 
wards brittle. This substance Dn Thomson re* 
gards as the bitter principle in a state of purity.* 

It is soluble in water and in alcohol; but the 
solution is not much affected by re^agents. Nitrate 
of silver, and acetate of lead, are the only two that 
occasion a precipitate.' 

The Bitter Principle is of great importance, not I^ses. 
only in the practice of medicine, but also in the 
art of brewing, particularly as it is obtained from 
the hop, its influence being that of checking fer^^ 
mentation, preserving the fermented liquor, and 
communicating to it a peculiar and agreeable 
flavour. It appears to consist principally of carbon, 
hydrpgene, and oxygene, with a little nitrogene.*f* 

• Thomson's Chemistry, vol. iv. p. 242. 
t Etem. of Agri. Chem. p. 84. 
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SECTION XL 

Narcotic Principle. 

Thbrk^ 18 ft species of medical p re p ara ti ons known 
b^ die name of Narcotics, whiefa have the proper^ 
of iodoefag sleep ; and if administered in large 
doets^ oF occasioning death* They are obtained 
fPMi the milky and prcqpet jaices of some regi^ 
tables, and from the infusion of the leaves or stem 
of others, all which have been supposed to contmt 
in their composition some common ingrediett^ 
whidi chemists have agreed to designate by the 
name of the Narcotic Principle. ItextstB in great 
i^undance in C^ium, which ' is the concrete jniea 
of Papaver album or the White Poppy, fitm 
which it is obtained pure in the form of white 
ciystala. 
Properties. It is solable in boiling water and. in aloohol, as 
well as in all acid menstrua; and it appears that 
the action of opium on the animsi«rt>ject depemfa 
on this principle. When distilled it mnks whitis 
vapoursy which are condensed into a yellow oil. 
Some wateru and carbonate of ammonia pass intx> 
the receiver;, and ,at last carbonic acid gas, am- 
monia, and carburetted hydrogen, are disengaged, 
and a bulky charcoal left behind. 

Many other vegetable substances besides opium 
possess narcotic qualities, though they have Yiot yet 
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been tfiinntely analyzed. The following are the 
most remarkable : the inspissated juice of Lettuce^ 
which resembles opium much in its appearance^ is 
obtained by the same means, and possesses the 
same medical virtues ; the leaves of Atropa Belia^ 
donna or Deadly Nightshade, and indeed the whole 
plant ; the leaves of Digitalis purpurea or Fox^ 
glove; and lastly the following ^nts, Hyoscy^ 
Miut niger, Conium maculatum, Datura Stramo^ 
fdumj and Sedum palustre ; with many othere 
belonging to the natural order of Luridee. > 



SECTION XII. 



Acids. 



Acids are a class of substances that may be dis- Contained 
tinguished by their exciting on the palate the sen^ Uo!^ * 
sation of sourness. They exist not only in the 
animal and mineral, but also in the vegetable king<^ 
dom ; and such of them as are peculiar to vege-^ 
tables have been [denominated vegetable acids. 
Of acids peculiar to vegetables chemists enumerate 
the following: the oxalic, acetic, citric, malic^ 
gallic, tartaric, benzoic, and prusaic, which exitff 
ready formed in the juices or organs of the plant, 
and are accordingly denominated native acids; 
together with the mucous, pyromucous, pyrotartar- 
oti^, pyrolignous, camphoric., and suberic, which do 
not exist yeady formed in the plant, and are henctf 

5 
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certain stage of fermentation, has been found also 
ready formed in the sap of several trees as analysed 
by Vauquelin ; and also in the acid juice of the 
Cicer arietinum, of which it forms a constituent 
part It was obtained also by Scheele firom the sap 
of the Sambucus nigra ; and is consequently to be 
tegatded as a native vegetable acid. It is dis* 
tinguished from other vegetable acids by its form- 
ing soluble salts with the alkalies and earths. 



SUBSECTION III. 

Citric Acid. — ^Citric Acid is the acid that exists 
in the juice of Lemons. Its taste is very sour in a 
state of purity, but [exceedingly pleasant when 
diluted with water. By a red heat it yields car- 
bonic acid gas and carbonated hydrogene gas, and is 
reduced to a charcoal : nitric acid converts it into 
Oxalic and acetic acid, and with lime it forms a salt 
insoluble in water. 

It is much used in the state of Lemon-juice to 
give a seasoning to hquors, which it does equally 
well in its concentrated state also. It has been 
found unmixed with other acids in the following 
vegetable substances : in the juice of Oranges and 
Lemons, and in the berries of Vaccinium Oxycoccus, 
Vitis Idaea^ I^runus Padus, Solanum Dulcamara^ 
and Rosa canina. It has been found also in many 
other fruits, mixed with other acids. 

VOL. I. 2 JS . 
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sublimed without alteration^ but a strong heat de^ 
composes it. Nitric acid coiiverts it into the 
malic and oxalic acids. 

It is of great utility in the art of dyeings and 
forms the basis of all black colours and of colours 
with a dark ground. It forms also the basis of ink ; 
and chemists use it as a test to detect the presence 
of iroUi 

SUBSECTION Vl. 

* f * 

Tartaric Acid. — If wine is kept for H length of 
time in a cask or other close vessel^ a sediment is 
|>recipitated which adheres to the sides or bottom^ 
and forms a crust known by the name of tartar^ 
which is a combination of potass aild a peculiar 
acid in excess. The compound is tartarite of 
potass^ and the acid in its state of purity is the tar- 
taric, acid. 

It is characterized by the property of its ibrmiqg 
with potass a salt that is soluble with difficulty. 

It has been found in the following vegetable subr 
stances also : in the pulp of Tamarinds^ in the juice 
of the Grape^ and Mulberries^ Soniel^ and Sumac ; 
and the roots of Triticum reptns^ and Leontondon 
Taraxacum. It is not miich used except among 
chemists. But the tartarite from which it is usually 
obtained is well known for its medical virtues und^i' 
the name of Cream of Tartar. 



9B3 
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SUBSECTION IX. 



General Remarks. — ^From the experiments that Compoti* 
have been made upon vegetable acids it appears that ^euble 
all of them contain carbon^ oxygene, and hydrogene> *"^*' 
in one proportion or other ; and that the prussic acid 
contains also a portion of nitrogene; The gallic acid 
contains more of carbon than any other vegetable 
acid, and the oxalic more of oxygene. 



SECTION XUL 



OiU. 



Vegetable Oils are of two kiqds, the fixed and 'fheirdirU 
the volatile. The former ane not suddenly affected ''^"' 
by the application of heat ; the latter are very in- 
flammable. 

•i 

SUBSECTION I. 

Fixed OUs. — Fixed oils are but seldom found, ex- in wkttt 
cept in the seeds of plants, and chieiy in such as aie j^o^^. 
dicotyledonous. They are found also, though rarely, 
in the pulp of fleshy fruits, as in that of the Olive, 
whicb yields the most abundant and valuable species 
iof all fixed oik. But dicotyledonooi seeds whiek 
contain oil, contain also, at the same time, a quantity 
of mucilage and fecula, and form when bruised nt 
water a mild and milky fluid known Jby the name of 
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and opaque^ and assumes a white colour and a re« 
semblance to fat. This is in consequence of the 
absorption of oxygene ; but owing to the appearance 
of a quantity of water^ in oil that is exposed to the 
action of the air^ it has been thought that the oxy« 
gene absorbed by it is not yet perhaps assimilated 
to its substance. When exposed to cold it congeals 
and crystallizes, or assumes a solid and granular 
form; but not till the thermometer has indicated 
a d^ree considerably below the freezing point. 
When exposed to the action of heat it is not vola* 
tilized till it begins to boil, which is at 60(f of 
Fahrenheit. By distillation it is converted into 
water, carbonic acid, and carburetted hydrogene 
gas, and charcoal ; the product of its^combustion is 
nearly the same ; and hence it is a compound of 
carbon, oxygene, and hydrogene. 

Fixed oils are generally divided into two sorts—- Genenu 
fat oils, and drying oils. The former are readily 
inspissated by the action of the air, and converted 
into a sort of fat. . The latter are capable of being 
dried by the action of the air, and converted into a 
firm and transparent substance. 

The principal species of fat oils are the following : Fat oili« 
1st, Olive oil, which is expressed from th^ pulpy 
part of the fruit of Olea europea or the Olive, a 
shrub that grows naturally in the South of £urope. 
The fruit is first broken in a mill, and reduced to a 
sort of paste. It is then subjected to the action of 
a press, and the oil which is now easily separated 
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aioeUoKUiyOt Juglans regiuj the Hazel-nut^ or WaU 
BUt The kernel is first slightly roasted, and the 
oil thea expressed. It is used in paintings of a 
coarfier sort ; and also in the seasoning of food by 
many of the inhabitants of the middle departments 
of France; but it is apt to become rancid. 3dly» 
Poppy cA is extracted from the seeds of Papaver 
somniferum, which is cultivated in France fiir thi)s 
purpose. It is clear and transparent^ and dries 
readily ; and when pure it is without taste or odour* 
It is used for the same purposes as the Olive oilj for 
which it is often sold, and possesses nothing of the 
narcotic properties of the Poppy. 4thly9 Hemp 
seed oil is extracted from the seed of the Hemp. It 
has a harsh and disagreeable taste, and is used only> 
by painters. 

SUBSECTION II. 

Volatile Oils. — ^Volatile Oils, which arc known 
also by the name of essential oils, arc of sery 
pommon occurence in the vegetable kingdom, and 
are found in almost all the different organs of iha 
plant. They are found in many roots, to which they whence ^ 
communicate a fragrant and aromatic odour, with a ^ *** ' 
taftte somewhat acrid. Tl)e roots of Inula Htle^ 
nium. Genista canariensisj and a variety of other 
plants, contain essential oils. They are found 
also in the bark, as in that of Laurus Cinamomum ; 
in the wood, as in that of Laurus Sassafras and 
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Pintis; in the leaves of labiate plants, such as 
Mint, Rosemary, Marjoram ; and of the odorous 
Umbellifera, such as Chervil, Fennel, Angeh'ca ; and 
of plants with compound flowers, such as Worm- 
wood. They are found also in the flower itself^ as 
in the flowers of Chamomile and the Rose ; and in 
the fruit, as in that of Pepper and Ginger ; and in 
the external integuments of many seeds, but never 
in the cotyledon. They are extracted by means of 
expression or distillation, and are extremely numer- 
ous ; and perhaps every plant possessing a pecu- 
liar odour possesses also a peculiar and volatile oil. 
The aroma of plants therefore, or the substance 
from which they derive their odour, and which is 
cognizable only by the sense of smell, is perhaps 
merely the more volatile and evaporable part of 
their volatile oil, disengaging itself from its com«« 
binations. 
F^sptrtin Volatile oils a^e characterized by their strong and 
aromatic odour, and rather acrid taste. They are 
soluble in alcohol, but are not readily converted 
into soaps by alkalies. They are very inflammable^ 
and are volatilized by a gentle heat. Like fixed 
oils their specific gravity is generally less than that 
of water, on the surface of which they will float ; 
though in some cases it is found to be greater than 
that of water, in which they consequently sink. 
They are much in request on account of their 
agreeable taste and odour, and are prepared and sol4 
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by apothecaries or perfameraj, under the name of d\^ 
tilled waters or essences ; as well as employed also 
in the manufacture of varnishes and pigments. 



SECTION XIV, 



fFar. 



On the upper surface of the leaves of many treet 
there may often be observed a sort of varnish^ which 
when separated by certain chemical processes is 
found to possess all the properties of bees*-wax^ and 
is consequently a vegetable wax. 

It exudesi however^ from several other parts of 
the plant besides the leaf, and assumes a more waxy 
and concrete form, as from the catkins of the Pop- 
lar, the Alder, and the Fir ; from the fruit of the 
Myrica cerifera and Croton sebiferum ; but particu- 
larly from the anthers of the flowers, from which it 
is probable that the bees extract it unaltered. It 
was the opinion of Reaumur, however, that the 
pollen undergoes a digestive process in the stomach 
of the bee before it is converted into wax, though 
a late writer on the subject endeavours to prove that 
the wax is elaborated from the honey extracted by 
the bee, and not from the pollen.^ It is found also 
in the interior of many seeds, from which it is ex- 
tracted by means of pounding them and boiling them 
)n water. The wax is melted and swims on the top*, 

* Huber, IjnDaean Traiis. vol iv. 



jiECT. XIV. WAX. . — 429 

around forms a partial and tenaponMy ttmosphera 
which is inflamokable ; for if a lighted candle ov 
other ignited body is brought near to the plant, 
especially in the time of drought, its atmosphere 
immediately take fire. This phenomenon was first 
observed by the daughter of the celebrated Lin* 
ne&usj and is explained by supposing the partial and 
tempcMrary atmosphere to contain a proportion of 
wax exuded from the plants and afterwards reduced 
to vapour by the action of the. sun. The result of 
its combustion in oocygene gas was^ atcording to 
Lavoisier^ carbonic acid and water> in such propor- 
tion as to lead him to conclude that J 00 parts of- 
wax ai'e composed of 82*28 of carbon and 17-72 of 
hydrogene. But owing to the little action of acids 
upon it^ there seems reason to believe that it con- 
tains also oxygene as an ingredient.* 

Wax possesses all the essential properties of a 
fixed oil. But fixed oils have the property of be^ 
coming concrete^ and of assuming a waxy ap- 
pearance when long exposed to the air^ in oonse- 
quence, as it seems^ of the absorption of oxygene. 
Wax therefore may be considered as a fixed oil 
rendered concrete^ perhaps, by the absorption of 
oxygene during the progress of vegetation. 

But if this theory is just, the wax may be ex- 
pected to occur in a considerable variety of states 
according to its degree of oxygenation ; and this 
is accordingly the case. Sometimes it has the con* 

* Thomsou'i Cheroisfry, vol. iv. p. 30?. 
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risten^of butter^ and is denominated Butter of Wax j 
as Butter of Coco^ Butter of Galam. Sometimes its 
consistency is greateri and then it is denominated 
tallow, as Tallow of Croton ; and when it has as- 
sumed its last degree of consistency it then takes the 
appellation of wax. The following are its principal 
Species, species : Butter of Cacao, Butter of Coco, Butter of 
Nutmeg, Tallow of Croton, and Wax of Mjrrtle* 

1st, The Butter of Cacao is extracted from the 
seeds of the Theobrotna Cacaco or Chocolate«plant> 
either by boiling them in water, or by subjecting 
them to the action of the press after having exposed 
them to the vapour of boiling water. They yield 
almost half their quantity of butter. It is at first 
brown or yellow, but when well purified it is white. 
Its taste is sweet, its fracture slightly granular, and 
its touch unctuous. It is to this butter that choco" 
late owes its flavour and unctuosity. 

idly. Butter of Coco is found in the fruit of the 
Cocas nucifera or Coco^nut^tree^ It is expressed 
firom the pulp of the nut, and is even said to sepa^- 
rate from it when in a fluid state as cream separates 
from milk.* 

Sdly, Butter of Nutmeg is obtained from the 
seeds of the Myristica officinalis or Nutmeg-tree. 
They are pounded and formed into a paste with 
water, and then subjected to the action of the press. 
The butter is firm and orange-coloured^ and of a 
sweet and aromatic smell. 

• fourcrpyi voL vii. p. 347* 
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4th]y9 From the Croton sebiferum, a tree that 
grows in China and America^ a waxy substance is 
extracted, of the consistency of tallow. It adheres 
to the surface of the fruity and is detached from it 
by means of boiling the fruit in water. Its odour, 
which is rather agreeable, had induced some of the 
people employed in the laboratory of Fourcroy to 
try it as a seasoning to Spinage. But its effects 
were found to be violently purgative. The Chinese 
manufacture it into candles. 

5thly» The Wax of Myrtle is obtained from the 
Myrica certfera^ a plant which grows abundantly in 
Louisiana and other parts of North America. The 
plant produces a berry about the size of a Pepper- 
corn. The berries are gathered and thrown into a 
kettle that is nearly filled with water. The kettle is 
thep made to boil, and the wax which is melted out 
swims on the surface. It is of a pale green colour. 
Its specific gravity ]'0150. It melts at the tem- 
perature of 109% and when strongly heated burns 
with a white flame, producing smoke and emitting 
an agreeable odour. 

Wax is also extracted from a variety of other 
vegetables, and has been detected by Proust in the 
green fecula of many plants, as in that of the Cab- 
bage. He considers it as a constituent part of the 
pollen of all flowers, and thinks that the bees col- 
lect it along with the gluten of the pollen, which, 
according to him, serves them for food. 

Certainly it is one of the most iatbundant of vege* 



SJSCT. XV. RESINS. 433 

and when excited by friction their electricity is 
negative. 

They are insoluble in water ; but most of them are 
soluble in alcohol^ and some of them in the fixed oils. 

When exposed to heat they melt and afterwards 
take fire, burning with a strong yellow flame, and 
evolving a great deal of smoke. If subjected to 
destructive distillation, the products are carburetted 
hydrogene, and carbonic acid gas, a small portion of 
acidulous water, and much empyreumatic oil. 

Resins are extremely numerous, like the oils from 
which they are formed ; biit the following are the 
most distinguished : 

Rosin. — From the different species of Pine otspcciet. 
Fir4ree, there exudes a juice which concretes in 
the form of tears* Its extrication is generally 
aided by means of incisions, and it receives dif« 
ferent appellations according to the species from 
which it is obtained. If it is obtained from the 
Pinus sylvestrU, it is denominated common Tur« 
pentine; from Pinus Larix^ Venice Turpentine; 
from Amyris Balsameaj Balsam of Canada. It 
consists of two ingredients, oil of turpentine and 
rosin. The oil is extricated by distillation, and the 
rosin remains behind. If the distillation is con- 
tinued to dryness, the residuum is common rosin or 
cohphonium ; but if water is mixed with it while yet 
fluid, and incorporated by violent agitation, the resi- 
duum is yellow rosin. The yellow rosin is the most 
ductile, and the most generally used in the arts, 

VOL. J. a F ^ 
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iflf of ik pate yetlotf t<\o\xi and strong smelt, and isi 
sotnewhat semi-transparent. 

Tacambac. — ^This resin is the produce of the 
Tagatd ocfandrd artd Pdputus halsamifera^ It is 
brought from America in large oblong masses wrap- 
ped id flag leaves, tts colour is light brown. It i^ 
brittle, but easily melted by heat, and it has been 
foMtii to be soluble in alkalies and nitric acid^. 

Xtf^^nfim.— 'This resin is obtained from the' 
Cistus creticus, a shrub which grows in Candia, 
and other Grecian iislands. The surface of the 
leaves is covered with a viscid juice, which js col- 
lected by means of a sort of rake furnished with 
thongs of feaiherj to which the juice adhefes. It 
is afterwards scraped fit)m the thongs with a knife- 
It is very soft, and always mixed with sand and 
dust, tts cotour is blackish, its odour fragrant^ 
and its taste bitter. When dissolved in alcohol it 
leaves behind it a little gum. It is employed as an 
astringent. 

Opobalsamum, or Balm of Gikad* — ^This resin^ 
which has been so mtich famed for its medical vir^ 
tues, is the produce of' the Amyris GUeadensts, a 
shrub which grows in Judsea and in Arabia ; but 
it is so much valued by the Turks that its importa- 
tion is prohibited. This is the Balm of Gilead so 
much celebrated in !§cripture. Pliny says it was 
first brought to Rome by the generals of Vespasian^* 

* Lib. xii; 25. 
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It is obtained in a liquid state from incisions 
made in the bark^ and is somewhat bitter to the 
taste. 

Copavoaj or Balsam of Coj^atva.— This resin is 
obtained from the Copaifera officinalis^ a tree which 
grows in South America. It exudes from artificial 
incisionsj having at first the consistence of oil, 
but gradually becoming thick as honey. It is trans- 
parent and of a yellow colour, with an agreeable 
smell, but pungent taste. It is a combination of 
resin and of volatile oil, which may be separated by 
distillation with water. It is employied also in 
medicitie. 

Dragon's blood. — ^This resin is obtained from the 
Draccsna Dracoy Pterocarpus Draco, and CalO' 
mus Rotangj plants that grow in the East Indies 
and in Spanish America. Its colour is dark red, 
but it is without taste. Its fracture is glassy, and 
its powder crimson. It comes into this country in 
small masses wrapped in leaves, and is much used as 
a tooth powder. 

Guaiac. — ^This resin is the produce of the Guai' 
acuta officinale^ a tree which grows in the West 
Indies. It exudes spontaneously, or is driven out 
in a melted state by means of the action of heat. 
Its colour is green, with some transparency; its 
consistency brittle; its fracture vitreous. It has 
scarcely any taste and no smell ; but when thrown 
on burning coals it exhales a fragrant odour. It 
is used in medicine. 
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Botany Bay resin. — The resin designated by 
this name is said to be the produce of the Acarois 
resiniferaj a native of New Holland, but found in 
great abundance about Botany Bay. It was first 
brought to London about 1799- I^ ^^ described in 
Governor Philips's Voyage, and in White*s Journal 
of a Voyage to New South Wales. 

Green re^m.^-This resin constitutes the colour- 
ing matter of the leaves of trees and of almost all 
vegetables. It is insoluble in water, but soluble 
in alcohol. When treated with oxymuriatic acid 
it assumes the colour of a withered leaf, and exhibits 
the resinous properties, more distinctly.* 

CopaL — This resin is the produce of thie Rhus 
copallinum, a tree which is found in North America; 
It is a transparent substance, With a slight tinge of 
brown. It possesses the general properties of other 
resins, but differs from them in not being soluble 
in alcohol or oil of turpentine, without peculiar ma- 
ns^ment. When dissolved in any volatile liquid 
and spread thin upon wood, metal, or paper, so that 
the volatile menstruum may evaporate, it forms 
one of the most perfect and most beautiful of all 
varnishes, known by th^ nan&e of Copal varnish. 
For this purpose it is generally dissolved in oil of 
turpentine. 

^ AnimS. — ^This resin is obtained from the J9^- 
menaa Coubaril, or Locust-tree, a native of North 

* Thomson's Chemistry, vol. iv. p. 3 IS. 
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/imfxmf It res^mWe^ (Copal ^j:act)y Ui its appcar- 
fmc^ ; bi|t differs from it in beiog T»dily $oIiiUe 
^D »b^phQ}. It h isipployed aUo is making var- 

J^ap.^**-ThU i^in 13 tb? prpduos of tbe Craian 
facciferum^ a native of tbe £a8t Indtes* It exudes 
in consequence of tb^ puncture of an insect^ whence 
it i% ^uppo^ t9 4?ri?^ \U colour, which is deep red 
Vf^i^ing pn browuj with a degrea of semi-traDs. 
|iareDcy. It forms the basis of many vamishe8» 
fffkd of tb^ fip^t kinds of sealing-rwax. 

J^fooin^-^^Vpon the «pidennis of the leaves and 
fruit of certain «peoies of plants^ there is to be 
fpixnd ^ finp soft and giauoous powder* It 19 par« 
(ic«)(|Fly observable upoo catdiage leaves^ and upon 
pbipas, tp which it ppmrnunieales a pef^uliar shade* 
1% i# knowp to garde^ien by the naupe of bloom. 
It in «asily rubbed off by the fingers ; and when 
vi^wild Vnd^r this micrpsoope seems to be composed 
pf aiPtlU pp^qu^ and unpolished granules, some- 
Vrbftt siqiilur to t|;ie powder of starch ; but nrith a 
bigh ipagnifying poyrer it appears transparent. 
Wbffi rubbed off it is again reproduced, though 
idowly* It resists the action of dews and rains, and 
ia consequently insoluble in water. Bi{l it is soluble 
jln spirits of wine; from which circumstance it 
baa been suspected, with some probability, to be ^ 
fttfio.* 

 Mirb^l, Phyf, Vug, ?ol up, II 2. 



Such are the most remarkable of the resitis tiMt 
have hitherto been subjected to chemi<Al iDalysiftj^ 
or employed in medicine and the arts. Thdrmei* 
dtcal virtues^ however^ are not quite so great as has 
been generally supposed; but their utility in the 
arts is very considerable. They are employed in 
the arts of paintings ramishing^ embalming, and 
perftiraery ; and they furnish us with two of the 
most important of all materials to a tiaval power^ 
piteh and tan 

SECTION XVI. 

This term is employed to denote a class of ve- Wbenoc 
getable substaoces which have bom regarded by ^ ^^ 
chemists as consisting of gum and resiiiJ They are 
generally contained in the proper vessels of the 
plant, whether in the root, stem, branches, leaves, 
flower, or fruit. But there is this remarkable dif«^ 
ference between resins and gum-resins, that the 
latter have never been known, like the former, to 
exude spontaneously from the plant* They are 
obtained by means of bruising the parts con** 
taioing them, and expressing the juice, which is 
always in the state of an emulsion, generally 
white, but sometimes of a different colour ; or they 
are obtained by means of incisions from which the 

• Fourcroy, vol. viii. p. sT. 
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juice flows. This juice^ which is the [m>per juice 
of the plant, is then exposed to the action of the 
sun, by which in warm climates it is condensed 
and inspissated, and converted into the gum-resin 
of commerce. 

Propcrtici. Gum-resins in their solid state are brittle, and 
less transparent than resins. They have generally 
a strong smell, which is sometimes alliaceous, and a 
bitter and nauseous taste. 

They are partially soluble both in water and in aU 
cohol. When heated they do not melt like the resins, 
nor are they so combustible. But they swell and 
soften by heat, and at last burn away with a flame. 
By distillation they yield volatile oil, ammonia com- 
bined with an acid, and have a bulky charcoal.* 

Species^ The following are the principal species of gum- 
resins which have been hitherto applied to any 
useful purpose. 

Galbanum. — ^This substance is obtained from the 
Bubon Galbanum^ a perennial plant found at the 
Cape of Good Hope. An incision is made in the 
stem a little above the root, and the milky juice 
flows out. When it concretes it constitutes gal- 
banum. It is brought into this country in small 
' pieces composed of agglutinated tears. Its colour 
is yellow, its taste acrid and bitter, and its odour 
alliaceous. Water, vinegar, and wine, dissolve the 
greater part of it, but the solution is milky. 

* Fourcroy, vol. viii. p. 29. 
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Its specific gravity is 1*2 12. It is employed in the 
composition of ointments and plasters. 

Ammomac. — ^This substance is brought from 
Africa in the form of small tears ; but nothing cer- 
tain is known concerning the plant which yields 
it. It is thought to be a species of Ferula. The 
colour of the substance is yellow, and the taste 
nauseous. It is. used in medicine. 

Scammony. — This substance is the produce of 
the Convolvulus Scammonia, a climbing plant which 
grows in Persia. The root when cut yields a milky 
juice by expression^ which^ when it concretes^ forms 
scammony. Its colour is dark grey, its smell 
nauseous when rubbed, and its taste bitter. It 
forms with water a green opaque liquid. It is 
much employed in medicine, and operates as a 
strong cathartic. 

Opoponax. — ^The plant from which this substance 
is obtained is the Pastinaca Opopona.v, a native of 
the countries of the Levant. It ei^udes in the 
state of a milky juice from incisions made in the 
root.. It is afterwards drjed in the sun, and is gene- 
rally to be met with in lumps of a reddish colour, 
and white within. Its taste is bitter and acrid, and 
it forms with water a milky solution. 

Euphorbium. — ^This substance is the produce of 
the Euphorbia officinalis^ a plant which grows in 
Africa. It is the milky juice of the plant dried 
in the sun, and obtained by means of incisions^ 
It assumes the form of small yellow (ears. It has 

4 
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no smell ; its taste is caustic ; it is considered at a 
poison, but is occasionally employed in medicine. 

Olibamnn.-^This substance is obtained from the 
Juniperus lyda^ whidi grows in Arabia, paitica* 
larly by the borders of the Red Sea. It is the 
irankincense of the ancients. It exudes from in* 
cisions made in the tree, and concretes into 
about the size of a chesnut. It is brittle^ 
parent, and of a yellow colour. It has little taste, 
hut when burnt diffuses an agreeable odour. 

Sagapenum — ^The plant from which this sub* 
stance is obtained is not well known; but it is 
supposed to be the Ferula persUa. The substance 
itself is brought from Egypt^ Persia, or India. It 
is generally in the form of agglutinated tears. Its 
colour is yellow; its taste hot and bitter; and ita 
smell alliaceous. 

Gamboge^ or Gumgutt.-^Tb\B substance is the 
produce of' the Mangostana Cambogia^^ a tree 
which grows in the East Indies. It exudes from 
incisions of the bark, and is brought to Europe in 
large cakes or cylindrical masses. Its cdour ia 
yellow, and its fracture vitreous ; but it has no smell, 
and very little ttfste. It forms with water a jrellow 
turbid liquid, but is soluble almost entirely in al- 
cohol. In medicine it is a violent cathartic. 

Myrrh. — It is not yet ascertained from what 
plant this substance is procured; but it grows in 
Abyssinia and Arabia: Bruce says it belongs to 

* Yentenat, Tab. da Reg. Vtg. vol. \\u p. 146. 
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the genus Mimosa. But however this may be, 
myrrh is the juiec of the plant concreted in the form 
of tears. Its colour is yellow, its odour strong but 
agreeable^ and its taste bitter. It is employed in 
medicine^ and is esteemed an excellent stomachic 
Assqfatida. — This substance, which is well known 
for ^its strong and fetid smelly is obtained from the 
Ferula assafatidaf a plant which grows in Persia. 
At four years old the plant is dug up by the root 
The root is then cleaned, and the extremity cut off; 
a milky juice exudes which is collected ; and when 
it ceases to flow another portion is cut off, and more 
juice extricated. The process is continued till the 
root is exhausted. The juice which has been coU 
lected soon concretes and constitutes assafoetida. 
It is brought to Europe in small agglutinated grains 
of different colours, white, red, yellow. It is hard, 
but brittle. Its taste is bitter, and its smell insuf- 
ferably fetid ; and yet the Indians use it as a sea-* 
soniog for their food, and call it the food of the 
gods. This forms a strange contrast to the name 
which it has obtained in Europe, where it is vul* 
garly known by the appellation of DeoiVs dung. 
It is used in medicine as an antispasmodic. 



SECTION XVII. 



Balsams. 



The substances known by the name of balsams are 
pearly related to the resins and gum*resins. This re- 
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in the trunks and comes into Europe in masses of 
a light brown colour^ variegated with yellow specks* 
It is brittle with a vitreous fracture. It is soluble 
in alcohol. When rubbed it emits a fragrant odour^ 
and when heated it lets the benzoic acid escape. 
It is made use of to perfume apartments, or to 
furnish benzoic acid. 

Storax. — This balsam is obtained from the 
Styrax officinale^ a tree which grows in France, 
Italy^ and the Islands of the Levant. It is ex- 
tracted by means of incisions, and concretes into 
cakes or masses of an irregular form, and a brown or 
reddish colour. Its taste is spicy, and its smell 
fragrant : it is employed in perfumery. 

Styrax. — ^This substance is a semi-fluid juice 
It does not seem to be ascertained of what tree it is 
the produce. But the tree is said to be cultivated 
in Arabia, and known to the natives by the name of 
rosamallos. The balsam procured from it is 
greenish ; its taste aromatic ; and its smell pleasant. 
It is a combination of benzoic acid and resin, and is 
used in pharmacy in the preparation of an ointment. 

Balsam of Tb/i/.— -This balsam is obtained from 
the Toluifera Balsamum, a tree of South America. 
Jt flows from incisions made in the bark, and is 
brought to Europe in small gourd shells. Its colour 
is brown, and its smell fragrant ; but its chemical 
properties have not yet been fully investigated. 
It is employed in medicine, and is esteemed effica- - 
cious in diseases of the lungs. 

Balsam of Peri/.— This balsam i$ obtained from 
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w^ter, on the sttrftBiee of wbtch it swims^ a singular 
phenomenoD €imu«s. The water sorrounding the 
iragnMttts is iamedtately put into commotion, ad- 
imncing and retiring in fittle waves and attadcing 
tiw fragments with violence^ The mimrter frag* 
ments a^ driveii bairkwards and forwavds upon the 
surface as if impelled by contrary winds* If a drop 
of oil is let frUen on the surface of the water it pro- 
duces an immediate calm. This phenomenon has 
been attributed to electricity. Fourcroy thinks it ia 
mcrdy the effect of the affinities of jthe camphor, 
watct> and air, enterbg into combination, * 

It b not altered hy exposere to tbe air ; but it is Properties. 
nm volatile that it en^xnates completely if exposed 
ta it ia wanm weatfaer» It is insoluble in water, tl» 
wUcb however it comnninieates its peculiar odMr. 
It is* sohUs iii alcohol from whieb it is again pre^ 
dptfcated fay water. 

It ia solidile in adds^ and its solution in nitric 
acid, which is yellow, is known by the name of oil 
of camphor. 

It melts at the temperature of 300° ;*f* and is so 
inflammable that it will burn even on the surface of 
the water. It burns with a bright flame and leaves 
no residuum. If formed into a paste with water 
and alumina, and distilled in a glass retort, the pro- 
dVicts are voTatile oil, camphoric acid, carbotiic acid 
gas, and carburetted hydrogene gas, with a residuum 
of charcoal and afumina, in such proportion as to 

• Connaiss. CWim voJ. viii. p. 9. f Ibid. vol. viii. p. JO. 
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to mMt people iil tiiis countiy by th^ nttne of 
Indian rubber. 

It is obtained ebiefly from Htevea CaMtchouc 
mA Jatrdpha dastkUi trees indigenous to South 
Aoierfea i but it has been obtained also from several 
trees which grow in the East Indies, Such as Rem 
irniica, Artoearpus inttgr^im and Urbeola ela^tiok 

If an indsion is .inade into the bark of anjr of 
these pbnts a milky juice exodes whiebj when it 
is exposed to the air, concretes and forms caout- 
cboue. As the object of the natives in doUecting 
it bad been originally to fo^m H into vesisels for their 
own use^ ii is generally made to concrete in the 
form of bags or bottles^ This is done by applying 
the juice when flnid in thin layers to a mould of 
dried eky^ and then leaving it to concrete in the 
sun or by the fire. A second layer is added to the 
first, and others in succession, till the vessel acquiree 
the thickness that is wanted. The mould is then 
bioken and the vessel fit for use, and in this state il 
is generally brought into Europe. It has bee» 
broeght, however, even in its milky state by being 
confined from the action of the air.* 

If the milky juicci is exposed to Uie air, an elastic 
pellicle is formed on the surface. If it i^ confineil 
in a vessel containing oxygene gas, the pellicle ii 
formed sooner. If oxymoriatio acid is poured itite 
the milky juice, the caoutchouc precipitates imme- 
diately. This renders it probable that the form^- 

* Coaoais. Cbim. vol. viit. p. 97- 
VOL. I. 20 
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It seems to exist in $, great variety of plants com« Vm. 
bined with other ingredients. It may be separated 
from resins by alcohol. It may be separated from 
the berries of the Misletoe by means of water^ and 
from other vegetable substances by other processes. 
It is said to be contained both in opium and in 
mastic* But from these substances it cannot be 
extracted in suflScient quantities to make it worth 
the labour. It is applied to a great many useful 
purposes both in medicine and the arts^ to whicb^ 
from its great pliability and elasticity, it is un- 
commonly well adapted. In the countries where it 
is produced the natives make boots and shoes of it, 
and often use it by way of candle. 



SECTION XX. 



Cork. 



The substance known by the name of Cork is How ma- 
the outer and exfoliated bark of the Quercus Suber ^'*^*"'* 
or Cork-tree, a species of Oak that grows in great 
abundance in France, Spain, and Italy. But to 
prevent its natural exfoliation which is always ir- 
regular, and to disengage it in convenient portions, 
a longitudinal incision is made in the bark from the 
root to the top of the stem ; and a transverse and 
circular incision at each extremity. The outer 

. 

T Thomson's Chemistry, vol. iv. p. 393» 
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SECTION XXL 

Woody Fibre. 

The principal body df the root, sten), and 
branches of trees, is designated by the appellation 
of Wood. But the term is too general fcr the pur- 
pose of analjrtical distinction, as the part designated 
by it often includes the greater part of the sub- 
stances that have been already enumerated. It 
remains therefore to be ascertained whether ther^ 
exists in the plant any individual substance different 
from those already described, and constituting more 
immediately the fiibric of the wood. 

If a piece of wood is well dried tod digested, How pro- 
first in water and then in alcohol or such other sol* ^ * 
vent as shall pnoduce no violent efiects upon the 
insoluble parts ; and if the digestion is continued 
till the liquid is no longer coloured, and dissolves no 
more of the substan^^ of the plant, there remains 
behind a sort of vegetable skeleton, which consti- 
tutes the basis of tha wood^ and which has been 
denominated Woody Fibre. It is composed of 
bundles of longitudinal threads, which are divisible 
into others still smaller. It is somewhat trans- PropertieN 
parent. It is without taste and smell, and is not 
altered by exposure to the atmosphere. It is inso« 
loble in water and' alcohol'; but the fixed^ alkalies 
decompose it with the assistance of heat. When 
heated in the ojpen air it blackens without' melting 
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while the other parts of the plant are disgipated^ it 
18 plain that charcoal must be the residuum of 
woody fibre^ and that the quantity of the one must 
depend upon the quantity of the other^ if they are 
not rather to be considered as the same. 

Charcoal may be obtained frdm almost all parts 
of the plant whether solid or fluid, and it is ren* 
dered perceptible by means of combustion. It 
often escapes however, during combustion, under the 
form of carbonic acid, of which it constitutes one 
of the elements. 

From a variety of experiments made on different 
plants and on their diflferent parts, it appears that 
the green parts contain a greater proportion of 
charcoal than the rest. But this proportion is 
found to diminish in autumn, when the green parts 
begin to be deprived of their glutinous and extrac- 
tive juice. The wood contains more charcoal than 
the alburnum, the bark more than both. But this 
last result is not constant in all plants because the 
barkJs not a homogenous substance, the outer parts 
being affected by the air and the inner parts not. 
The wood of the Quercm Robur^ separated from 
the alburnum, yielded from 100 parts of its dried 
substance 1075 of charcoal; the alburnum 17*5 ; 
the bark 26 ; leaves gathered in May 80 ; in 
September 26.* 

But the quantity of charcoal differs- also in dif- PiroportiaR 
ferent plants, as well as in different parts of the pianu. 

* Sausi. sur la Veg. chap. v. sect. x. 
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SECTION XXIIL 



Tb^ $ap. 



If the branch of a Vine is cut asunder early in Howeri- 
the spring before the leaves have begun to expand, ^^ 
a clear and colourless fluid will issue from the 
ivound^ which gardeners denominate the tears of 
the Vine. It is merely, however, the ascending sap, 
and may be procured from almost any other plant 
by the saime or similar means, and at the same sea- 
son ; but particularly from the Maple, Birch, and 
Watnut4ree, by means of boring a hole in the 
trunk. It issues chiefly from the porous and mixed 
tubes of the alburnum ; though sometimes it doed 
not flow freely till the bore ,is carried to the centre.* 
A small branch of a Vine has been known to yield 
from twelve to sixteen ounces, in the space of 
twenty.four hours. A Maple-tree of moderate size 
yields about 200 pints in a season, as has been at* 
ready stated ; and a Birch-tree h^ been known to 
yield in the course of the bleeding season, a quantity 
equal to its own weight. 

The taste of this fluid is generally insipid ; but Properties, 
sometimes it is slightly saline, and sometimes agree- 
ably swcetj^ as in the case of the Birch-tree. If it 

* Exper. par Coulomb. Jour, de Phys. vol. xliy. p. 392. 
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and the spontaneous precipitation of the stfp whea 
lefk exposed to the action of the air. But the ana- 
lysis of Vauquelin was more minute. In the sap of 
Fagus sylvatica he found the following ingredients : 
Water, acetate of lime, with excess of acid, acetate 
of potass, gallic acid, tannin, mucous, and extrac- 
tive matter, and acetate of alumina. In 1039 P^^ 
of the sap of Ulmus campestris he found 1027 parts 
of water and volatile matter, 9-240 of acetate of 
potass, l*o60 of vegetable matter, 0796 of car- 
bonate of lime, besides some slight indications of 
the presence of sulphuric and muriatic 4tcids ; and 
at a later period of the season he found the vege- 
table matter increased, and the carbonate of lime 
and acetate of potass diminished.'* 

From the above experiments, therefore, as well as ComposU] 
from those of other chemists, it is plain that the sap u,^. 
consists of a great variety of ingredients, diflfering in 
different species of plants ; though there is too little 
known concerning it to warrant the deduction of 
any general conclusions^ as the number of plants 
whose sap has been hitherto analysed is yet but very 
limited. It is the grand and principal source of 
vegetable aliment, and may be regarded as being 
somewhat analogous to the blood of animals. It is 
not made use of by roan, at least in its natural 
state. But there are trees, such as the Birch, whose 
sap may be manufactured into a very pleasant wine ; 

Ann. de Chim. vol. xxii. p. 20, 
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many plants the poper jaice of the bark is different 
from that of the flower ; and the proper juic^ of 
the fruit different from both. Its appearance under 
the microscope^ according to Senebier^ is that of 
an assemblage of small globules connected by small 
and prism-shaped substances placed between them.* 

If this juice could be obtained in a state of purity^ Propent«s. 
its analysis would throw a considerable degree of 
light upon the subject of vegetation. But it seems 
impracticable to extract it without a mixture of sap. 
Senebier analysed the milky juice of Euphorbia 
Cyparimoij of which hfe had procured a small 
quantity considerably pure^ though its pungency 
was so great as to occasion an inflammation of the 
eyes to the person employed to procure it. It 
mixed readily with water^ to which it communicated 
its colour* When left exposed to the air a slight 
precipitation ensued ; and when allowed to evaporate 
a thin and opaque crust remained behind. Alcohol 
coagulated it into small globules. Ether dissolved 
it entirely^ as did also oil of turpentine. Sulphuric 
acid changed its colour to black ; nitric acid to 
green.*)* The most accurate experiments on the 
subject are those of Chaptal. When oxymunatic 
acid was poured into the peculiar juice of Euphor-^ 
Inay a very copious white precipitate fell down, 
which when washed and dried had the appearance 
of starch, and was not altered by keeping. Alcohol^ 
atrfed by hait, dissolved two thii*ds of it, which the 

• Pkys. V€g. vol. u. p. ^l. t Ibid. p. 355 
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blood and peculiar juices. If the blood escapes from 
the vessels it forms neither flesh nor bones, but 
tumours ; and if the proper juices escape from the ' 
vessels containing them they form neither wood nor 
bark, but a lump or deposite of inspissated fluid. 

l^o the sap or to the proper juice, or rather to a 
mixture of both, we must refer such substances as 
are obtained from plants under the name of ex- 
pressed juices, because it is evident that they can 
come from no other source. In this state they are 
generally obtained in the first instance whether 
with a view to their use in medicine or their applica- 
tion to the arts. It is the business of the chemist 
or artist to separate and purify them aflerwards ac- 
cording to the peculiar object he may happen to 
have in view^ and the use to which he purposes to 
apply them. They contain, like the sap, acetate of 
potass or of lime, and assume a deeper shade of 
colour when exposed to the fire or air. The oxy- 
muriatic acid precipitates from them a coloured and 
flaky substance as from the sap, and they yield by 
evaporation a quantity of extract. But they differ 
from the sap in exhibiting no traces of tannin or 
gallic acid, and but rarely of the saccharine 
principle. 
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A thousand parts of dried leaves of the Onk 
gathered in May contained 53 parts of ashes ; of the 
Rhododendrum ferrugineumj SO. 
' A thousand parts of the leaves of the JEsculus 
Hypocastanum gathered in May yielded ^7, parts 
of ashes ; of the trunk and branches^ 35. 

A thousand parts of the leaves of the same plant 
gathered in September^ 86 parts of ashes ; the friiit 
gathered in October, 34. 

A thousand parts of the dried bark of the Oak 
contained 6o parts of ashes ; of the alburnum, four; 
of the wood, two. 

A thousand parts of the leaves of the Oak gathered 
in May yielded in the green state 13 parts of ashes, 
dried, 53. The Same leaves gathered in September 
yielded in their green state 24 parts of ashes, 
dried, 55. 

A thousand parts of the Pisum sativum in flower 
yielded Q5 parts of ashes ; when in fruit, only 81 . 

A thousand parts of the Vicca faba yielded be- 
fore flowering 16 parts of ashes in their green state, 
and 8Q5 parts of water of vegetation ; when in 
flower they contained 20 parts of ashes and 876 of 
water of vegetation. 

Such are the proportions in which plants, when 
decomposed by combustion, yield ashes, as far as 
these proportions have been ascertained by the 
experiments of Saussure. But a more, important 
subject of inquiry is the analysis of the ashes them- Compost^ 
selves, with a view to the discovery of the ingre- ^^ 

VOL. I. 2 H 
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When pure it is white and semi^ninsparent, mad 
n extremely caustic and deliquescent. It dissolves . 
all sofl animal substances, and changes yegetable 
blues into green. It dissolves alumina, and also a 
imall quantity of silex, with which it fuses iato 
glass by the aid of fire. It had been long suspected 
by chemists to be a compound substance ; and ac- 
cording to the notable discovery of Sir H. Davy, its 
component parts are at last ascertained to be a 
highly inflammable metal, which he denominate^ 
potassium, and oxygene — one proportion of each.* 

Soda is found chiefly in marine plants, from the 
ashes of which it is obtained by means of lixivia- 
tion. It exists in great abundance in Salsaa Soda, 
Zostera maritima, and in various ^eies of Fud. 
It is generally obtained in the stete of a carbonate, 
but is purified in the same manner as potass, to 
which it is similar in its properties \ but from which 
it is easily distinguished by its forming a hard soap 
with <h1, while potass forms a soft soap. It consists, 
according to Sir H. Davy, of One proportion of a 
metal which he denominates sodium^ and two pro- 
portions of oxygene. 'f' 

Such are the only vegetable alkalies, and the Soda. 
modes of obtaining them. They a«'e found g^neraHy 
in the st^te of carbonates, s«rlpbates, or muriates, 
salts that form beyond all oomparisoii the most 
abundant ingredient in the a^h^ <i/t green iheii>aoe- 
-ous plants whose parts ave in a state of vegetation. 

* Elem of Agri. Cbem. p. 98* t ibid^f 
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parent of all : that which is of the best quality is 
composed of 120 parts of white siliceous sand, 40 
parts of pearl-ash, 35 of red oxide of lead, 13 of 
nitrate of potass, and 25 of black oxide of manganese.^ 
It is known also by the name of crystal, and may be 
cut and polished so as to serve for a variety of or- 
namental purposes, as well as for the more important 
and more useful purpose of forming optical instru- 
ments, of which the discoveries of the telescope and 
the microscope are the curious or sublime results. 

If a quantity of oil is mixed with half its weight 
of a strong solution of soda or potass, a combination 
takes place which is rendered more complete by 
means of boiling. The new compound is soap. 
The union of oil with potass forms soft soap, and 
with soda hard soap ; substances of the greatest ef- 
ficacy as detergents, and of the greatest utility in the 
washing and bleaching of linen. 

The alkalies are used also in medicine, and are 
found to be peculiarly efficacious in ' the reduction 
of urinary calculi. 



SECTION xxyii. 
Earths. 



The only earths which have hitherto been found 
in plants are the following : lime, silica, magnesia, 
alumina. 1st, Litne* — ^Of these earths, lime is by 

* Accum's Chemistiyi vol. li. p. 194. 
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dontain no carbonate of lime ; bift tfaey sbodfid m 
phosphate of potass. Hence the ashes of plants^ at 
the period of the maturity <>f the irisit^ yield less 
carbonate of lime than at any previous pmiod;* 

2dly, Silica. — Silica is not found to exist in a 
great proportion in the ashes of vegetables^ onkst 
they have been previously deprived of their saltfi 
and phosphates by washing ; but when the plants 
are washed in water the proportion of iheir silicsi 
augments. The ashes of the leaves of the Hazel 
gathered in May yielded .2*5 parts of silica in 
ICX)!. The same leaves washed jrielded four parts in 
100. 

Young plants and* leaves bursting from the bud 
contain but little of silica in their ashes ; but the 
propoKipn of silica augments as the parts are de- 
veloped. But perhaps this is owing to the diminu* 
tion of the alkaline salts. The ashes of some stalks 
of Wheat gathered a month before the time of 
flowering, and having some of the radical leaves 
withered, contained ^Vr ^f 9ilica and -,Vr of alkaline 
salts. At the period of their flowering, and when 
more of their leaves were withered, the ashes con* 
tained 32 parts of silica and 54 of alkaline salts. 

Seeds divested of their external covering contain 
less silica than the stem furnished with its leaves ; 
and it is somewhat remarkable that there are trees 
of which the bark, albnmum, and wood, contain 

ft 

scarcely any silica, and the leaves a great deal, par* 
* Sautsurs $m hi Vegtiaticm, cbsjl; ix« icct. vi. 
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several plants, but never exoept in very small 
quantities. 

SECTION XXVIII. 

Metallic Oxides. 
Among the substances found in the ashes of vege- Occur ia 

1 rm- iniali 

tables we must class also metals. They occur quantUici. 
however only in small quantities, and are not 
to be detected except by the most delicate experi- 
ments. 

The metals hitherto discovered in plants are iron, 
manganese, and perhaps gold. Of these iron is by 
far the most common. It occurs in the state of an 
oxide, and the ashes of hard and woody plants, such 
as the Oak, are said to contain nearly y? part of 
their own weight of this oxide.* The ashes of 
ialsold contain also a considerable quantity. 

The oxide of manganese was first detected in the 
ashes of vegetables by Scheele, and afterwards 
found by Proust in the ashes of the Pine, Calen- 
dula. Vine, Green Oak, and Fig-tree.-f- ^ 

Beccher, Kunckel, and Sage, together with some 
other chemists, contend also for the existence of 
gold in the ashes of certain plants ; but the very 
minute portion which they found seems more likely 
to have proceeded from the lead employed in the 
process than from the ashes of the plant. 

 Fourcroy, vol. viii. p. 203. 
^ Thomson's Chemistr}', vol. iv. p. 357. 
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introdoced under such a character; such as the 
mucus, jelly, sarcocol, asparagin, inuKn, and ulmin, 
t>f Dn Thomson, as described in his well known 
System of Chemistry; but as there seems to be 
some difference of opinion among chemists with re- 
gard to them, and a belief entertained that they 
are but varieties of one or other of the foregoing 
ingredients,* it is sufficient for the purposes of 
this work to have merely mentioned their names. 

Several other substances of a distinct and peculiar 
character have been suspected to exist, and may 
very possibly exist, in vegetable productions : such 
as the febrifuge principle of Seguin, as discovering 
itself in Peruvian Bark ; the principle of causticity 
or acridity of Senebier,'^' as discovering itself in the , 
roots of Ranunculus bulbosusj ScHla maritimOy 
Bryonia albay and Jrum maculatum, in the leaves 
of Digitalis purpurea^ in the bark of Daphne 
MezereoHy and in the juice of the Spurges : to 
which may be added the fluid secreted from the 
sting of the common Nettle, the poisons ii^ierent 
in some plants, and the medical virtues inherent in 
others; together with such peculiar principles as 
may be presumed to exist in such regions of the 
vegetable kkigdom as remain yet unexplored. The 
important discoveries which have already resulted 
from the chemical analysis of vegetable substances 
encourage the hope that further discoveries will 

* EleiD. of Agri. Chero. p. 104. 
f Phys. Veg. vor. ii. p. 408. 
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Thenard, who have deduced from a series of the 
most minute and delicate experiments the three fol- 
lowing propositions, which they have dignified by 
the name of laws of vegetable nature :* 

Ist, Vegetable substances are always acid when 
the Qxygene they contain is to the hy drogene in a 
greater proportion than in water. 

2dly, Vegetable substances are always resinous, or 
pily, or spirituous, when the oxygene they contain is 
to the hydrogene in a smaller proportion than ia 
water. 

3dly, Vegetable substances are neither acid nor 
resinous, but saccharine or mucilaginous, or ana- 
logous to woody fibre or starch, when the oxygene 
and hydrogene they contain are in the same propor- 
tion as in water. 

Perhaps the induction of particular . proofs is not 
yet sufficiently complete to warrant the above conclu- 
sions in their utmost extent. But enough has been 
established, by the above or by other chemists, to 
satisfy the scientific inquirer that the closest analogy 
exists between several compounds that differ widely 
in their sensible qualities ; as well as to elucidate 
several processes in nature and art by which certain 
vegetable substances are convertible into one another. 
And hence an additional proof of the great power 
and wisdom of the Creator, who, from a few simple 
and primary elements combined in peculiar propor- 
tions, educes all that variety and profusion of com- 

* Traite de Chero. Element, torn. iii. chap. iii. 
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